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OBITUARY NOTICE 
PERCIVAL SPENCER UMFREVILLE PICKERING 


CHEMIsTs and biochemists everywhere will learn with deep regret of the death 
of SPENCER PICKERING on the night of Sunday, December 5th, after a long 
and wearisome illness at the age of 62. 

He came of a long line of distinguished ancestors; his father was Percival 
A. Pickering, Q.C., and his mother was a Stanhope, daughter of John Spencer 
Stanhope and granddaughter of the famous Coke of Norfolk, Earl of Leicester, 
by his romantic marriage with his young ward. Pickering was proud of his 
descent, as well he might be, and spent no little time in editing the family 
records and tracing their extensive relationships. 

He was educated at Eton, but the classics did not appeal to him: when 
he entered Balliol he read science and in 1881 took a First Class Honours 
degree. From the outset, however, he was a very independent minded student, 
and one of his first published papers was a controversion of an opinion held 
by his tutor. 

Being possessed of sufficient private means the question of a career did 
not worry him as it does some; he was able to follow his bent and pursue 
- his scientific studies unhampered by financial considerations. But he was not 
attracted by the life at a university. He went down after he had taken his 
degree and set up a laboratory at his house in Bryanstone Square, London, 
where he carried out his well-known measurements on the physical properties 
of mixtures of acids and water. 

His results led him to controvert the dissociation hypothesis of Arrhenius. 
An account of the phenomena as he saw them is given in Thorpe’s Dictionary 
of Chemistry under the heading “Solutions.” In reading his papers, even 
those who do not agree with his conclusions are forced to recognise that he 
handled his data well and was seriously trying to find out what really lay 
behind them. - 

Although an independent worker he did not cut himself off from institu- 
tions; he accepted a lectureship at Bedford College which he held from 1881 
to 1887. He also took part in other intellectual activities and early became 
a member of the Athenaeum. Had he continued in his work he would have 
become a useful critic of physical chemistry, standing outside the dissociation 
school, and he could not have failed to exercise an important influence on the 
development of the subject. 

By a serious accident in the laboratory, however, he had lost an eye and 
suffered a severe shock which led to so much illness that his doctors advised 
him to spend part of his time in the country. He accordingly came to 
Harpenden which though then only a village was already a place of scientific 
associations, there -being no fewer than four Fellows of the Royal Society 
among its inhabitants—J. B. Lawes, J, H. Gilbert, R. Warington, and 
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Richard Lydekker. In 1890 Pickering was himself elected into the Royal 
Society, thus making the fifth. Although not robust in body he was too 
vigorous in spirit to be idle and he worked on the land. He still continued his 
physical work for a time but finally he turned his scientific activities in 
a wholly different direction: he planned out a series of experiments on fruit 
trees that should do for them what the Rothamsted experiments had done 
for farm crops. With the aid of the Duke of Bedford, an old college friend, 
this was accomplished: a field at Woburn was prepared in 1894, planted with 
fruit trees and the well-known experiments were begun. Seventeen reports 
have been issued and one, the last, is now in the press. The work has been 
of considerable interest to biochemists and plant physiologists because of 
the many problems it raises: it has been of practical importance because 
it has shown fruit growers that many of their traditional practices require 
serious overhauling. Pickering delighted in a result that was entirely op- 
posed to conventional doctrine and greatly enjoyed the sceptical amazement 
with which fruit growers regarded his trees, planted as they thought entirely 
wrongly, manured entirely wrongly, and yet undeniably growing better and 
producing more fruit than those managed on ordinary horticultural lines. 

It must be admitted that Pickering had good grounds for his attitude, as 
horticulture in the nineties, however advanced as an art, was in a deplorably 
backward state as a science. 

His first striking result was that the manuring of fruit trees does not 
conduce to fruit production. This has since been confirmed; it is known that 
fruitfulness is in some sense opposed tovegetativegrowth. Theresult, however, 
caused some surprise at the time and it was opposed to the doctrine of some 
of the pundits of the day. 

Another surprising result which is not yet accepted by practical growers 
is that in planting trees the essential thing is to ram tightly, injury to the 
root during the process being immaterial. The accepted custom is to handle 
the roots very carefully, to press the soil firmly round, but not to ram. 
Pickering’s view was that intimate contact with the soil stimulated the pro- 
duction of new vigorous roots so that the tree was much better off than if it 
had been planted in the usual way. 

He also studied the effects of fungicides and insecticides and put some of 
the rather crude formulae on to a sound chemical basis. 

Perhaps his most important work from the physiological point of view 
was concerned with the mutual effects of one growing crop on another. This 
arose out of an observation at Woburn that the effect of growing grass round 
apple trees is to arrest all healthy growth and absolutely stunt the tree. The 
leaves become unhealthy and light coloured, the bark also becomes light 
coloured, while the fruit loses its green matter and becomes waxy yellow or 
brilliant red. Where the grassing was done gradually the trees accommodated 
themselves somewhat to the altered conditions, but never grew so well as 


when grass was absent. 
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The effect might have been due to various causes: changes in aeration, 
temperature, water supply, food supply or physical condition of the soil, but 
careful experiments failed to show that any of these factors came into play. 
Covering the soil with cement excluded air at least as thoroughly as grass, 
and yet did not produce the grass effect, nor was it suppressed by wet seasons, 
liberal watering, or a supply (in pot experiments) of sufficient water or nutrient 
solution to keep the soils of grassed and ungrassed trees equally moist, or 
equally well supplied with food. On the other hand, the grass effect was 
produced when perforated trays of sand containing growing grass were placed 
on the surface of the soil in which trees were growing, so that the washings 
from the grass went straight down to the tree roots. There seemed no possi- 
bility of the grass roots in the tray abstracting anything from the soil, and the 
only explanation appears to be that a toxin is excreted by the grass. Such 
a toxin however must be very readily decomposed because no toxic properties 
could be discovered by laboratory tests either in soil that had been removed 
from the grass roots or in the washings from the above-mentioned trays. He 
subsequently showed that the phenomena are general and hold whatever 
crops are grown in pots or trays. In consequence we must be prepared to 
consider possible toxic effects of one plant on another growing alongside of it, 
and the parts such effects may play in determining natural plant associations 
and in explaining some of the bad effects of weeds. 

This work will, it is hoped, be developed; it is far too important to remain 
as it is. It is thoroughly typical of his method: he would make some simple 
observation that many others must have had the opportynity of making and 
yet had missed, and then he would show that its significance was far deeper 
than at first appeared. 

This originality of mind combined with accuracy of experimental work 
and refusal to be bound by any tradition was thoroughly characteristic of 
the man. His interests, however, were not confined to his investigations. He 
had clear cut artistic perceptions and surrounded himself in his home with 
things of beauty. He sympathised much with the leanings of his brother- 
in-law, William De Morgan, towards the pre-Raphaelite school and he had 
some of De Morgan’s work in his house; its sincerity and fidelity to nature 
appealed to him, and, moreover, though austere and of iron self-control, he 
had a strong vein of sentiment in his character. This combination of artistic 
feeling with high scientific ability is fortunately not rare in England, and when 
it occurs it is usually associated with some remarkable traits of character. 
Pickering was a good example of the scholar and gentleman, a welcome 
member of some of the best circles, and withal one who judged men exactly 
as he found them, refusing to be bound by convention in the ordinary affairs 
of life just as he refused its bondage in his scientific work. 


E. J. RUSSELL. 





I. THE ACTION OF SODIUM HYDROXIDE UPON 
COAGULATION OF FIBRINOGEN. 


By JOHN OGLETHORPE WAKELIN BARRATT. 
Beit Memorial Research Fellow. 
From the Lister Institute. 


(Received October 28th, 1920.) 


THE well-known action of sodium hydroxide in retarding coagulation of 
fibrinogen in presence of thrombin has been variously interpreted. J. Mellanby 
[1909] regards this retardation as due to the solution of the newly formed 
fibrin by the alkali and to a destruction of the ferment. According to 
W. H. Howell [1916] the effect of addition of alkali is to prevent the formation 
of fibrin fibrils, though the formation of fibrin aggregates, to which this author 
regards gelatinisation of fibrinogen as due, may still occur. 

With a view of further investigating the action of alkali upon the coagu- 
lation of liquids containing fibrinogen and thrombin the present work was 
undertaken. 

It is obvious that if the action of alkali is exerted exclusively upon 
fibrinogen or is directed. solely to thrombin, it would be easy to determine 
the nature of this action by a comparison of (1) the effect upon coagulation 
of adding increasing amounts of alkali to plasma or fibrinogen solution with 
(2) the course of coagulation in a series of dilutions of (a) fibrinogen, to each 
of which the same amount of thrombin has been added, and (6) thrombin, 
to each of which the same amount of plasma has been added. 

The effect of dilution of fibrinogen is shown in Table I, that of dilution 
of thrombin in Table II and the action of alkali in Table III. In these 
experiments fibrinogen, which cannot at present be prepared in even an 
approximately pure condition, was represented by citrated human plasma: 
it is well known that when fibrinogen is precipitated from plasma by dilution 
and acidification relatively considerable amounts of albumin and globulin 
are carried down in the precipitate [J. Mellanby, 1905]. As source of thrombin 
the venom of Echis carinatus [Barratt, 1913], dissolved in citrated 0-85 % 
sodium chloride solution, was employed!. The volume of citrated plasma 
used (undiluted or diluted) was in each experiment 0-050 cc.: to this was 
added 0-0026 cc. of citrated sodium hydroxide solution of suitable concen- 
tration (Table III) or of citrated 0-85 % sodium chloride solution (Tables I 


1 For a supply of this venom I am indebted to the kindness of Dr C. J. Martin, Director of 


the Lister Institute. 
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Table I. 


To citrated human plasma, undiluted and in the dilutions given below, venom was added in 
amount required to produce a dilution of 1 in 3,000,000. The time of first appearance of 
fibrils is calculated from the equation on p. 6. 


Time of first appearance 
of fibrils (min.) 


Plasma 

% observed calculated Dimensions (approximate) and aspect of fibrils 
100 24 24 25 thick; 504 long; numerous; meshes wide 

90 24 24 

80 23 24 25 thick; 504 long; numerous; meshes wide 

70 50 55 

60 110 99 25. thick; 504 long; numerous; meshes wide 

50 140 151 -25u thick; 50 long; less numerous; meshes fairly wide 
40 191 215 ‘2 thick; 40 long; less numerous; meshes less wide 

30 360 297 ‘Ly thick; 74 long; scanty; barely visible 


20 nofibrilsseen 414 


and II); finally 0-0026 cc. of citrated venom was added, of such concentration 
as would furnish, after admixture, the titre indicated in the tables. Im- 
mediately after mixing, a few cubic millimetres were placed on a microscope 
slide within an area ringed with vaseline and examined on a dark ground, 
illuminated by an arc light. The temperature of experiment was 16-18°. 
On comparing Tables I and II it will be observed that the effect of dilution 
of fibrinogen (the amount of thrombin added being the same in each experi- 
ment) or of dilution of thrombin (the amount of fibrinogen present being the 
same in each experiment) is to cause (1) delay in the appearance of fibrin 
fibrils and (2) diminution in their number. Here, however, the resemblance 


Table II. 


To citrated human plasma (undiluted) venom was added in amount required to produce the 
dilutions given below. The times of first appearance of fibrils are calculated on the assumption 
that concentration of venom x time of first appearance of fibrils =8-3 x 10°. 


Time of first appearance 
of fibrils (min.) 


Venom observed calculated Dimensions {approximate) and aspect of fibrils 
1 600,000 5 5 ‘ll yw thick; 5 long; fine; very numerous; meshes fine 
1: 1,000,000 8 8 
1: 1,300,000 11-5 1l -2u thick; 154 long; numerous; meshes less fine 
1: 1,500,000 10-5 12-5 
1: 2,000,000 19 16-5 -25u thick; 40u long; numerous; meshes wide 
1: 3,000,000 26 25 -25u thick; 504 long; numerous; meshes wide 
1: 6,000,000 47 50 3 thick; 60 long; fairly numerous; meshes larger 
1 : 12,000,000 175 100 35. thick; 80u long; less numerous; meshes very wide 
1 : 24,000,000 350 200 ‘Du thick; 1504 long; scanty; coarse 


in the two cases ceases: with increasing dilution of fibrinogen the fibrils 
become short and fine, and ultimately are barely visible (Table I); with 
increasing dilution of thrombin, on the other hand, the fibrils become long 
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and coarse (Table II). The effect of adding alkali (Table III) is seen to be 
identical with that of diluting fibrinogen: this is very strikingly seen when 
the penultimate experiment in Table III is compared with the penultimate 
experiment in Table I and with the last experiment in Table II. It follows, 
therefore, that the action of alkali is exerted upon fibrinogen: no recognisable 
effect upon thrombin is observable. 

The experiments in Table I, when plotted with concentration of plasma 
as ordinates and time of first appearance of fibrin fibrils as abscissae are 
found to lie at first upon a vertical line and then upon a curve, as is shown 
in Fig. 1. Fibrinogen in solution has been shown to be diphasic [ Barratt, 1920], 
the time of first appearance of visible fibrils (made up almost entirely of the 
period occupied by the growth of the primitive fibrils, which thereby pass 
from invisibility into the range of ultramicroscopic vision, this growth 
occurring at the expense of fibrinogen derived from the continuous or dilute 
phase) being unaltered by dilution until the disperse (concentrated) phase 
has nearly completely passed into solution (dilute phase), after which further 
dilution causes a lowering of the concentration of the dilute phase and as a 


Table III. 


To citrated human plasma (undiluted) sodium hydroxide was added in quantities corresponding 
to the concentrations given below. Venom was then added in amount required to produce 
a dilution of 1 in 3,000,000. 


Fibrils first 


seen at 
Exp. NaOH end of Dimensions (approximate) and aspect of fibrils 
l 0 24min. +25 thick; 504 long; numerous; meshes wide 
3 1/120 N 3 
3 1-3/120 N - -2u thick; 204 long; numerous; meshes small 
4 1-6/120 N 24 
5 1-9/120 N 50 ,, -2u thick; 204 long; very numerous; meshes very small 
6 2-2/120 N — 
7 2-5/120 N 3s . ‘15 thick; 104 long; very numerous; meshes very small 
8 2-8/120 N 150... 
9 31/120 N 198 w ‘ly thick; 54 long; very numerous; barely visible 
10 3-4/120 NV a 
1] 3°7/120 N 345 ,, ‘lu thick; 5u long; less numerous; barely visible 
12 4/120 N no fibrils seen 


result retardation of the growth of primitive fibrils (exhibited by a lengthening 
of the period of first appearance of visible fibrils). The curve, it may be 
observed, can be calculated from the equation 


—le=kt+a 


where ¢ = concentration of fibrinogen, ¢ + 24 = time of first appearance of 
fibrils and & and a are constants, represented by 0-0035 and — 4-357 respec- 
tively. 

On reference to Tables I and III it will be seen that in the earlier experi- 
ments of each series the period in which visible fibrils first appear is the same, 
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namely 23 to 24 minutes: only in the later experiments is a retardation 
observable. This behaviour indicates that the result of adding alkali to 
plasma is to cause disappearance of fibrinogen, the disperse (concentrated) 
phase in consequence becoming reduced in amount but the continuous (dilute) 
phase not being affected until the former phase has nearly completely dis- 
appeared, and is therefore no longer able on further dilution to maintain the 
saturation concentration of the continuous phase, the process occurring being 
in this respect comparable in its effect to simple dilution of fibrinogen. The 
concentration of fibrinogen corresponding to the periods given in Table III, 


<tin 
220 








2 l ea 


Fig. 1. Graphic record of experiments given in Tables I and III. Ordinates indicate (1) on the 
left concentration of fibrinogen, that present in undiluted citrated human plasma being 
represented by 100, and (2) on the right titre of sodium hydroxide; abscissae show time of 
first appearance of fibrin fibrils. On the curve, which represents the experiments in Table I, 
the estimated disappearance of fibrinogen on addition of alkali in Tables III and IV is 
exhibited. 


col. 3, may be determined graphically from the curve in Fig. 1 (or by calcu- 
lation with the aid of the equation"on p. 6). The figures so obtained are 
shown in Table IV, col. 2. If the average amount of fibrinogen disappearing 
for each increment of alkali is determined (namely that contained in approxi- 
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mately 7-5 % of plasma for each increment represented by 0-3/120 N NaOH) 
the percentages of fibrinogen given in the third column of Table IV are 
obtained: these are indicated in Fig. 2, the amount of fibrinogen present in 
undiluted plasma being represented by 100. (It will be seen from Fig. 2 that 
no action of alkali on fibrinogen is observable until an amount represented 
by 0-74/120 N has been added.) 

Table IV. 


Disappearance of fibrinogen on addition of sodium hydroxide in experiments recorded in Table III. 


Fibrinogen 
peke 
Exp. observed calculated 
1 100 100 
2 <100 94-5 
3 <100 87 
4 <100 79-5 
5 72 72 
6 71 64-5 
7 68 57 
8 50 49-5 
9 47 42 
10 32 34-5 
ll 27 27 
12 — 20 


Fn 
100 


JO 


_~ 
7 2 3 Z NaOH 720 


Fig. 2. The relation between amounts of sodium hydroxide added in the experiments given in 
Table III and corresponding estimated diminution of fibrinogen (Table IV). 
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The variations from a simple proportionality between addition of alkali 
and disappearance of fibrinogen in the individual experiments recorded in 
Tables III and IV are most conveniently exhibited graphically, as in Fig. 2. 
These variations lie within the error of experiment inseparable from the 
circumstance that on the one hand the volume in which the thrombin and 
alkali added is contained must be kept very small relatively to that of the 
plasma (fibrinogen) employed, in order that the concentration of the latter 
may not be lowered thereby in any marked degree (in these experiments the 
respective volumes of (1) plasma and (2) thrombin or alkali solutions employed 
were 19 : 1), while on the other hand owing to the necessity of rapid working 
the amounts of fluid used must be small. Although the fibrinogen used for 
experiment was contained in plasma and the experiments given in Tables III 
and IV indicate, as already noted, the occurrence of a subsidiary reaction, 
nevertheless the results obtained suggest that the relation between alkali and 
fibrinogen is stoichiometric. As is well known fibrinogen is not destroyed by 
alkali: on addition of carbonic acid to alkali plasma the fibrinogen which has 
disappeared reappears and clotting in presence of thrombin is now readily 
obtained. The action of fibrinogen in respect of alkali thus appears to be 
comparable to that of an extremely weak organic acid. 

With the increasing dilution of fibrinogen exhibited in Table I, the fibrin 
fibrils become gradually finer until ultimately they can no longer be recognised. 
When this stage is reached there is, however, still evidence of the existence 
of fibrils, though no longer capable of demonstration by ultramicroscopic 
illumination, for soft clot continues to be formed in vitro. It must therefore 
be inferred that in such apparently structureless clot amicroscopic fibrils are 
present, though, owing to the dilution of the continuous phase, no longer able 
to increase sufficiently in size, by further addition of fibrinogen from this 
phase, to become visible. In support of this inference, reference may be made 
to the circumstance that under suitable conditions of experiment the formation 
of structureless clot precedes visible fibril formation: thus when the dilution 
of fibrinogen is just insufficient to lead to the non-appearance of fibrin fibrils, 
“setting” in vitro may be observed to precede the appearance of visible 
fibrils on the microscope slide. It has already been shown [Barratt, 1920] 
that the formation of primitive (amicroscopic) fibrils precedes by a relatively 
considerable time the appearance of visible fibrils. 

When alkali is added to citrated human plasma the same phenomenon is 
observable with much greater facility, owing to the circumstance that the 
volume of solution of alkali added may be made very small compared with 
that of the plasma employed, and thus the diminution in number of fibrils 
dependent upon simple dilution avoided, with the result that greater firmness 
of clot is secured. If sufficient alkali is added to plasma to cause disappearance 
of visible fibrils, a structureless gel of soft consistence is still obtainable: as 
more alkali is added gel formation becomes uncertain and ultimately ceases. 
Thus in a series of experiments of the type shown in Table III, in which the 
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concentration of venom was 1 in 600,000, no visible fibrils were observed 
after the fifth experiment: in experiments 6 to 9 “setting” in vitro occurred 
in periods ranging from 30 minutes to 3 hours; in the remaining experiments 
“setting” was imperfect or did not take place. 

The appearance of structureless gel after addition of alkali was noted by 
Howell [1916], who moreover obtained structureless gel from plasma on 
dilution and on drying. 

Addition of alkali to plasma in amount sufficient to delay fibril formation 
does not at first affect phenolphthalein. No marked red coloration could be 
observed until fibrils were no longer recognisable and gel formation absent: 
in other words, until the amount of sodium hydroxide added was as much as 
would, if added to a volume of distilled water equal to that of the fibrinogen 
solution employed, give to the latter a concentration of alkali represented 


by 1/30 N. 
SUMMARY. 


(1) Sodium hydroxide, added in increasing amounts to citrated plasma, 
causes the gradual disappearance of fibrinogen from the plasma: the fibrin 
fibrils observable in the gel forming on addition of thrombin diminish in size 
and number, and ultimately pass out of the rapge of ultramicroscopic visibility ; 
when this stage is reached gel formation may be still observable, but the gel 
obtained is structureless under microscopic illumination, being made up of 
amicroscopic fibrils; with still further disappearance of fibrinogen gel forma- 


tion ceases. 
(2) No evidence of any action of alkali upon thrombin was obtained. 
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II. THE PRODUCTION OF CARBON MONOXIDE 
BY THE ACTION OF ALKALINE HYPOHALO- 
GENITES ON UREA. 


By WILLIAM HOLDSWORTH HURTLEY. 
Chemical Laboratory, St Bartholomew's Hospital. 


(Received November 15th, 1920.) 


R. G. Canti [1916] bas used the hypobromite method for obtaining approxi- 
mate values for the amount of urea in the cerebro-spinal fluid of patients 
suffering from a variety of diseases. Being desirous of controlling this method 
by others more reliable he asked R. L. M. Wallis to determine the urea by the 
urease method in some cases, and G. Graham by the Folin method in others, - 
and the writer to determine the total nitrogen by the Kjeldahl method in 
other cases. 
Here are some typical results: 


% urea by Total nitrogen 
No. of oo calculated 
case Disease NaOBr Urease Folin to urea 

48 Uraemia 0-88 0-63 — — 
114 PA 0-41 0-10 ~- — 
115 Carcinoma 0-28 0-18 ae a 

75 Uraemia 0-41 — 0-32 — 

76 os 0-45 —- 0-32 —_ 

97 Chronic nephritis 0-02 _ 0-04 — 
134 Uraemia 0-75 ae “= 2-05 
137 ty 0:77 — —_ 0-75 
141 - 0-42 as — 0-54 
157 “, 0-45 _ ~ 0-94 


From the table it appears that the volume of gas evolved by acting upon 
cerebro-spinal fluid with hypobromite, particularly in cases of uraemia, far 
exceeds the nitrogen contained in the urea of the fluid, but does not exceed 
the total nitrogen of the fluid. A similar phenomenon is well known in the 
determination of urea in urine by the hypobromite method. K. H. Mérner 
[1903] has shown that the nitrogen evolved from urine by the action of hypo- 
bromite upon it may exceed the urea nitrogen by more than four times. 

Canti and the writer then sought for a constituent other than nitrogen 
in the gas evolved from cerebro-spinal fluid and hypobromite, a gas which 
must be practically insoluble in water, and in a solution of sodium hydroxide. 
Oxygen was shown to be absent. In Canti’s case 134 a portion of the gas was 
shaken up with part of a dilute solution of blood, the other part being kept 
as a control. To our surprise we obtained the characteristic colour of 
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carboxyhaemoglobin. On adding yellow ammonium sulphide to one portion 
of the COHb solution it was not reduced while the same reagent reduced a 
similar quantity of the diluted blood in the usual way. Another part of the 
COHb solution was not reduced by sodium hyposulphite while a similar 
amount of the control solution was instantly reduced. Precisely similar 
results were obtained in Canti’s case 141. These two were cases of uraemia, 
but the same result was obtained in a case of diabetes and in a case of cerebral 
softening. These results caused us to test the nitrogen obtained from urea 
by the action of hypobromite upon it for carbon monoxide, and we found 
that the latter gas is always present in the nitrogen when hypobromite of 
the ordinary strength acts upon urea. To be quite certain that the sodium 
hydroxide used, namely sodium hydroxide “pure by alcohol,” had no effect 
on the result a quantity was prepared direct from sodium, and hypobromite 
made with it gave with urea nitrogen containing carbon monoxide. 

Marie Krogh [1913] had shown that the gas liberated from urea by hypo- 
bromite contained carbon monoxide; but when Canti and I discovered it in 
1916 we did not know of her paper. By acting upon 1 cc. of a solution of 
urea containing 9-19 mg. N with hypobromites of different strengths Krogh 
once more showed that the volume of gas evolved varied with the strength 
of the hypobromite and she made the important observations (a) that the 
nitrogen contained carbon monoxide; (6) that the amount of the carbon 
monoxide increased with the alkalinity of the hypobromite. For example 
l cc. of the urea solution acted on by 15 cc. of a hypobromite containing 
0-193 g.-mol NaOH and 0-0416 g.-atom Br (4-625 : 1) gave total gas 96-2 % 
of the total nitrogen in the urea and it contained 0-3 °% CO; while the same 
amount of urea with hypobromite containing 0-747 g.-mol NaOH and 
0-0203 g.-atom Br (36-86 : 1) gave total gas 99-4 % of the total nitrogen and 
it contained 0-62 % CO. Krogh was led to suspect the presence of carbon 
monoxide in the nitrogen by the fact that when she acted upon 1 cc. of urea 
of the afore-mentioned strength and 1 cc. of a 25 % solution of glucose with 
hypobromite of the concentrations just given the total gas evolved was 101-1 
and 101-7 % respectively of the urea nitrogen. This being the case the gas 
from urea and that from urea together with glucose was analysed in an 
apparatus which appears to have been similar to that of Haldane; and after 
combustion a contraction was observed which was half that obtained on 
submitting the product to the action of sodium hydroxide. Krogh therefore 
concluded that the gas must contain a volume of carbon monoxide equal to 
the contraction after treatment with sodium hydroxide. No qualitative tests 
such as the blood test are described, nor is it stated that oxygen was added 
to burn the carbon monoxide. If the oxygen required for combustion was 
supplied by the air of the generating vessel then the results would be low. 
Canti and I estimated the carbon monoxide in the gas from the cerebro-spinal 
fluid of case 142 and in that from a solution of pure urea. To collect the gas 
without mixing it with air a Lunge nitrometer was filled with hypobromite 
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of the usual strength (2-5 ce. Br to 25 cc. of a solution of sodium hydroxide 
containing 40 g. NaOH in 100 cc.) and the fluid or the urea solution was added 
from the cup. A small Haldane’s apparatus was used for the analysis; a 
suitable volume of gas having been admitted to the apparatus and measured 
about 2 cc. oxygen were added, the reading taken and the analysis made. 


Vol. of gas Contraction on Contraction 
admitted combustion after KOH co 
ce, ce, Ce. % 
Case 142 (x. 1916) 7-16 0-05 0-10 1-4 
Pure urea (x. 1916) 7-07 0-025 0-07 0-99 


Subsequent determinations of the carbon monoxide by the writer have given 
a smaller percentage than this early one. In the following determinations 
about 120 cc. of gas were liberated from urea as just described and of this gas 
100 cc. were mixed with 20-4 cc. of oxygen. This mixture was analysed in the 
Haldane’s apparatus: 


Vol. of Contraction on Contraction 
mixture combustion after KOH co 
ce. ce. ce. % 
9-74 0-05 0-06 0-74 
9-68 0-02 0-06 0-75 


In the following determinations a flask holding 255 cc. to the bottom of the 
neck was charged with alkaline hypobromite previously made from 20 cc. 
bromine and 200 cc. of sodium hydroxide: the flask was fitted with a rubber 
stopper carrying a small graduated tap funnel and a short delivery tube 
attached to a nitrometer. To displace the air from the flask and delivery 
tubes 20 cc. of 2 % urea solution were run into the flask. This gas having 
been expelled from the nitrometer, more urea was added to the flask and the 
next 150 cc. of gas collected; 40 cc. of it were mixed with 10 cc. of oxygen and 
the mixture analysed. To control these results a mixture of air and carbon 
monoxide containing about 2 % of the latter gas was made and stored over 
water. Three analyses of this mixture were made; then 25 cc. of the mixture 
were diluted with 25 cc. of air and two analyses of this were made. The table 
gives the results of two analyses of the gas from urea, and the analyses of 
the air containing carbon monoxide. 


Vol. of Contraction on Contraction 

mixture combustion after KOH co 
ce. ce. ce. % 
9-89 0-04 0-05 0-63 
9°96 0-035 0-055 0-69 
9-93 0-09 0-16 1-61 
9-89 0-07 0-175 1-77 
9-92 0-07 0-16 1-61 
9-84 0-045 0-075 0-76 
9-90 0-040 0-090 0-91 


From these results it may be concluded that the nitrogen evolved from a 
2 % solution of urea, when acted upon by hypobromite of the usual strength, 
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contains 0-7 % of carbon monoxide. Since this percentage of carbon monoxide 
is easily detected by shaking the gas with diluted blood its presence can 
easily be demonstrated in class or in lecture. For this purpose the gas from 
10 ce. of a 2 % solution of urea and 50 cc. of hypobromite generated in the 
usual bottle, may be collected in a nitrometer. From this apparatus the gas 
can be driven into a 150 cc. narrow necked measuring cylinder filled with 
suitably diluted blood and inverted in an evaporating basin containing the 
same. The gas collected, the stopper is inserted, and the cylinder is well 
shaken. A 50 cc. Nessler glass is now filled to the mark with blood from the 
cylinder and a similar glass is filled to the mark with some of the original 
diluted blood. The difference in colour is very marked, and on the addition 
of a trace of solid sodium hyposulphite to each glass it will be seen that the 
COHb remains unchanged while the control is instantly reduced on shaking. 


The Origin of the Carbon Monoxide. 


Krogh [1913] showed that. when alkaline hypobromite rich in hypobromite 
was employed to act upon urea, less nitrogen and also less carbon monoxide 
were produced than when the alkaline hypobromite was poor in hypobromite 
and rich in sodium hydroxide (see her figures quoted above). She assumes 
that in the former case more carbon is oxidised to carbon dioxide and more 
nitrogen is oxidised to some oxide of nitrogen, which remains combined with 
base as nitrite or nitrate, than in the latter case and she makes experiments 
to prove that the residual nitrogen is present as nitrate. Nitrate had been 
previously found under certain conditions in the residue from this action of 
hypobromites on urea by Fauconier [1880] and by R. Luther [1889]. 

It seemed desirable to ascertain whether sodium. hypochlorite when it 
acts upon urea also gives carbon monoxide. H. J. H. Fenton [1878], using 
sodium hypochlorite whose strength he does not give, obtained according as 
he used hypochlorite alone or mixed with sodium hydroxide 49-72 % of the 
nitrogen in urea; but when the same hypochlorite was used with sodium 
carbonate he obtained 92-51%. The writer obtained the results embodied 
in the following table. Washed chlorine was passed into sodium hydroxide 
(40 g. NaOH in 100 cc.) cooled in ice, until the solution was of such a strength 
that 1 cc. of the clear liquid was equivalent to 62-8 cc. N/10 sodium thio- 
sulphate; the usual bottle and tube was used for the reaction and the gas 
was collected over water in a Lunge nitrometer. 


Urea 2 g. in NaOCl NaOH 40 g. Na,CO, NaOCl % of total NV 
Exp. 100 ce. solution in 100 ce. saturated ec. Normal in urea 
] 5 ee. 25 ce. — — 157 61:3 
2 * 25 _— 25 ce. 157 54:8 
3 - 25 25 cc — 157 77°8 
1 ~» 10 40 — 62-8 84-5 
5 i 5 45 — 31-4 81-6 
6 ” 2 48 — 12-5 78-2 
7 *” 10 —_ 40 cc. 62-8 53-8 
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Here it is seen that a concentrated alkaline hypochlorite gives much less gas 
than a hypochlorite of one-fifth the strength but containing far more alkali. 
Experiment 4 was repeated on a large scale in order to collect a quantity of 
the gas free from air and to examine it for carbon monoixde. In 50 cc. of 
the gas carbon monoxide could be detected, but 100 cc. were required to give 
a really good test. The amount was too small for estimation in my Haldane’s 
apparatus (capacity 10cc.). It is certain that although carbon monoxide 
appears over a wide range of concentrations of hypochlorite it is always less 
in amount than in the gas from hypobromite. Fenton [1878] showed that 
cyanate was present in the residual liquid from the action of hypochlorite. 
Nitrate had been shown to. be present by Fauconier [1880] and Luther 
[1889]. 

It is certain from what precedes that the action of hypohalogenite upon 
urea is a complex occurrence. In this paper the question of residual nitrogen 
is not discussed; only an attempt will be made to explain the formation of 
carbon monoxide. Schestakov [1905] showed that when an alkaline hypo- 
bromite or hypochlorite acts upon urea the following compounds can be 
isolated from the residue in the form of their benzaldehyde derivatives; 
hydrazine, semicarbazide, hydrazinecarboxylic acid—the first of these in a 
yield of 60%. Chattaway [1909, 1, 2] showed that when chlorine is passed 
into a strong aqueous solution of urea, or better into such a solution in 
presence of zinc oxide, a good yield of dichlorocarbamide is obtained and that 
this compound when acted on by ammonia forms p-urazine! 


NH.HN 


4 \ 
co co. 
» 


4 

NH. HN 

This compound on hydrolysis by acids yields salts of hydrazine. Linch [1912] 
showed that when sodium hypobromite acts upon semicarbazide an 80% 
yield of p-urazine is obtained, and in this reaction he believes that hydra- 
zodicarbonamide is an intermediate product for he shows that hydrazodi- 
carbonamide itself when acted upon by hypobromite also yields p-urazine. 
He further showed that acetylearbamide acted upon by hypobromite gave 
diacetylhydrazodicarbonamide which was partly hydrolysed by the alkaline 
liquid to hydrazodicarbonamide. Thiele [1892] showed that hydrazodicar- 
bonamide is oxidised by chromic acid to azodicarbonamide and that the latter 
can be hydrolysed to potassium azodicarboxylate. This salt gives a bright 
yellow solution in water, its aqueous solution is unstable but is stabilised by 
alkali, and the salt when heated a little above 100° gives carbon monoxide. 


1 Busch regards the p-urazines as urazoles and on his view this compound would be amino- 
HN—CO 
urazole. | N.NH,. I am not convinced that his arguments apply to this compound. 


HN—CO 
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When the salt is decomposed by water alone only nitrogen is evolved. All 
these reactions are summarised in the following scheme: 
H.N.CO.NH, , 
! 





r ‘a 7 
t + Schestakov 
| nia icieanaistptaniatncenaestnmnnient 
H,N.NH, H,N.NH.COOH H,N.NH.CONH, H,N.CO.NHCOCH, 
| Linch 
Linch CH,COHNCONH.NHCONHCOCH, 
-————_H,NCONH NH.CONH,_————__I 
Thiele é | Linch Linch Chattaway 
H,NCON : NCONH, NH.NH 
i ae es 
Thiele ms > co ________ G@HNCONH] 
NH.NH Chattaway 
HO.OCN : N.COOH | 
H,N.NH, 


Thiele 
ee 
CO:CO,:N, CO,:N,:H,O 

In order to trace the origin of the carbon monoxide formed by the action 
of hypohalogenite upon urea the action of alkaline hypobromite upon many 
of the substances in the above table has been examined. 

Hydrazocarboxrylic acid and its hydrazine salt. As recommended by Stolle 
and Hofmann [1904] carbon dioxide was passed into a well cooled solution 
of hydrazine hydrate, and a part of the solution was acted on by hypobromite 
of the usual strength. No carbon monoxide could be detected in the nitrogen 
evolved. Another part of the solution was evaporated in a vacuum over 
sulphuric acid and the deliquescent crystals of the hydrazine salt of the acid 
also failed to give any carbon monoxide with hypobromite. 

Dichlorocarbamide. An aqueous solution of this compound was run into 
strong ammonia and the gas evolved collected in a nitrometer. The yield of 
gas assumed to be nitrogen was 10-52% of the dichlorocarbamide used: 
theory 21-73. But the gas was rich in carbon monoxide, containing as the 
mean of three concordant results 1-24 % CO. When sodium hydroxide was 
used in place of ammonia the evolved gas also contained carbon monoxide. 
In all cases a crystalline precipitate of p-urazine was obtained as described 
by Chattaway. 

p-Urazine. This compound acted upon by hypobromite of the usual 
strength also gave monoxide, the amount of which has not yet been deter- 
mined. 

Semicarbazide. Linch’s experiment on this compound (1 g.-mol semi- 
carbazide hydrochloride, 4 g.-mols NaOH and 3 g.-atoms Br) was repeated 
with the modification that the evolved gas which Linch assumes to be nitrogen, 
was collected and examined. It was found to contain 22 % of carbon dioxide 
and also some carbon monoxide. The amount of the latter gas was 0-64 %— 


slightly less than that given by urea under ordinary conditions. 
Acetylearbamide with hypobromite ef the usual strength also gave carbon 
monoxide—amount not yet estimated. 
Hydrazodicarbonamide. 0-5 g. of the solid was placed in a dry tube which 





CARBON MONOXIDE FROM UREA 17 


was put into the usual bottle containing hypobromite made from 50 cc. of 
10 N NaOH and 5 ce. Br (1 g.-mol: 119 g.-mols: 46-4 g.-atoms) and the gas 
collected in a nitrometer. The action was quite slow and it gave 101-45 cc. 
moist nitrogen at 67° and 770mm. This is equivalent to 28-23 g. N per g. 
molecule, that is half the total nitrogen. It contained no trace of carbon 
monoxide. 

Linch’s experiment with this compound was repeated (1 g.-mol: 2 g.-mols: 
2-33 g.-atoms), much less nitrogen was evolved but now the gas contained a 
little carbon monoxide. Therefore the following experiment was tried: 0-59 g. 
of the compound was thoroughly shaken with 50 cc. water in the bottle. 
Into this tube 10 cc. of 10 N NaOH was placed, cooled to 0°, and 0-5 ce. Br 
added. (1 g.-mol: 20 g.-mols: 3-9 g.-atoms.) On mixing these 66 cc. N, at 20° 
and 764mm. were obtained = 15-22 g. N per g.-mol or rather more than 
1 g. atom. This gas gave a strong reaction for carbon monoxide. Its amount 
has not been determined. When the hydrazo-dicarbonamide dissolves in the 
hypobromite it gives a clear and intensely yellow coloured solution. 

Azodicarbonamide. The first experiment with this compound was made 
in exactly the same way as the first experiment with hydrazodicarbonamide 
and with similar quantities. There is however a great difference in the speed 
of the reaction which in this case is very high and much heat is evolved. 
Calculated on the g.-molecule the nitrogen evolved was 38-67 g. or 2-75 g.- 
atoms. No trace of carbon monoxide could be detected in this gas. This 
experiment was repeated as in the last experiment with hydrazodicarbonamide 
using 0-58 g., 5 ec. 10 N NaOH, and 0-8 g. Br (1 g.-mol: 10 g.-mols: 1 g.-atom). 
In this case the yield of nitrogen was 10-68 g. per 1 g.-mol substance, that 
is 0-75 g.-atom, and the gas gave good tests for carbon monoxide but the 
amount has not yet been determined. The remaining solution was bright 
yellow. 

Schestakov explains the formation of hydrazine, which he isolated as 
benzaldazine, and of hydrazocarboxylic acid which he also isolated in small 
amounts as its benzaldehyde derivative by the following scheme: 


H,N.C.OH H,N.C.OH Br.C.OH HO.C.OH : 
Ns || — | —> ||  —» HOOC.NH.NH, —> H,N.NH, 
NH N.Br N.NH, N.NH, 
and he believes that the hydrazocarboxylic acid is the compound which 
furnishes the nitrogen obtained by the action of hypobromite on urea. This 
is probably the main series of reactions; but these reactions alone fail to 
explain (1) the formation of semicarbazide which Schestakov isolated in small 
amount as benzalsemicarbazide, (2) the production of carbon monoxide. The 
writer would suggest provisionally that in addition to the reactions indicated 
by Schestakov the following occur: 


H,N.CO.NH, += HCNO + NHs3. 
That this reaction does occur is made very probable by Fenton’s observation 


Bioch. xv 
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[1878] that cyanate is contained in the residual solution when sodium hypo- 
chlorite acts upon urea. Then 
H,N.C(OH): NBr + NH, = H,N.CO.NH.NHsg. 

From the semicarbazide, hydrazodicarbonamide is next produced as indicated 
by Linch, then azodicarbonamide by oxidation by hypobromite and finally 
carbon monoxide as outlined in the scheme on p. 16. This work is incomplete, 
but it is being continued in the hope of further elucidating the changes which 
occur when hypohalogenites act upon urea. 

The writer wishes to record his hearty thanks to Dr R. G. Canti for per- 
mission to publish their joint work, and also to Mr J. H. Johnston, M.Sc. 
and Mr §. D. Barlow for help with many of the determinations and pre- 


parations involved in the work. 


SUMMARY. 


Krogh has shown that carbon monoxide is produced as well as nitrogen 
when sodium hypobromite acts upon urea whether in urine or in solution in 
water. Krogh obtained the result by combustion of the carbon monoxide. 

The author and Canti showed by the blood test and by combustion that 
carbon monoxide is also formed when sodium hypobromite acts upon the urea 
contained in cerebro-spinal fluid and also on pure urea. Its production admits 
of an easy class or lecture demonstration. 

The amount of carbon monoxide contained in the nitrogen when sodium 
hypobromite of the usual strength is used to act upon a 2 % solution of urea 
is 0-7 % of the total gas. 

Carbon monoxide is also produced along with nitrogen when sodium 
hypochlorite acts upon urea, when ammonia or caustic soda acts upon 
dichlorocarbamide, and when sodium hypobromite of suitable strength acts 
upon semicarbazide, hydrazodicarbonamide, azodicarbonamide, and acetyl- 
carbamide. 
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Mellanby [1919] in the course of his experiments on dogs has come to the 
conclusion that rickets is a dietetic disease, and that the ultimate cause is 
a deficiency in the diet of “anti-rachitic factor” a substance which he thinks 
is probably identical with fat-soluble A. He has said that 100 % of young 
puppies fed on his basal diets develop rickets. 

Since the cat, like the dog and man, subsists on a mixed dietary it was 
decided to investigate whether kittens fed on a diet similar to Mellanby’s 
basal diet would develop rickets. Before describing the experiments on kittens 
it is of interest to compare the normal diet of young pups and kittens [Tibbles, 


1912]: 
Cat’s milk Bitch’s milk Cow’s milk 


% % % 
Protein 9-12 11-15 3°57 
Fat 3-33 9-57 3°69 
Sugar 4-91 3-08 4-88 
Ash 0-61 0-73 0-71 


It will be seen from the foregoing table that the percentage of protein is far 
higher in the milk of the cat and the bitch than in that of the cow; bitch’s 
milk contains nearly three times the percentage of fat present in cat’s milk, 
and the fat content of cat’s milk and cow’s milk is roughly the same. If the 
percentage of fat in these three milks could be taken as an index of the quantity 
of fat-soluble A present it would point to the fact that the puppy requires 
a large quantity of this in its diet, and would afford an explanation on Mellanby’s 
hypothesis of the apparently great liability of young dogs to rickets as com- 
pared with other domestic animals. 

The latest of Mellanby’s published basal diets consists of the following 


substances: 


Separated milk ... 250-350 ce. daily 
White bread... sats ad lib. 
Linseed oil ... 5-15 ec 
Yeast uae Ses 5-15 g. a 
Orange juice... et 3 06... +55 
Sodium chloride... 1-2 g. a 











20 H. M. M. MACKAY 


All the fat-soluble A content of milk is not present in the fat [see 
McCollum, 1917], but no accurate data are at present available from which 
it is possible to make any trustworthy calculation of the amount of this 
factor present in the quantity of separated milk (250-350 cc.) given in the 
foregoing diet. 


EXPERIMENT 1. 


Housing and Diet of Kittens. 


The five kittens used in the experiment belonged to three litters. They 
were housed and fed in two pens (controls in one and experimental animals 
in the other) in a warmed room. They were allowed out for several hours 
every day and had abundant exercise. The diet is given in the following 
table: 


Experimental kittens, 
Control kittens, Nos. 2 and 3 os. 1, 4, and 5 


Whole milk ad lib, ... ae se cas ... Machine skimmed milk with 
3 % olive oil ad lib. 

White bread ad lib. pa aed eos 

Orange juice 1 cc. (hand fed) alternate days... | Same as for controls 

Marmite 2 g. given in milk, whole not ommmnel) 


The milk, whole and skimmed, was brought to the boil and allowed to 
cool before being given to the kittens—a proceeding which probably destroys 
only a very small part of its anti-scorbutic value [Barnes and Hume, 1919]. 
The average fat content of a week’s supply of machine skimmed milk esti- 
mated by Soxhlet’s method was 0-15 %1. The olive oil used after the first 
six weeks was kindly supplied by Dr Zilva from a consignment of autoclaved 
oil which gave a negative result for fat-soluble A in rat experiments (linseed 
oil had been tried but was refused by the kittens). The oil emulsified fairly 
well with hot skimmed milk but separated out when allowed to stand, so that 
the quantity of oil consumed was not necessarily 3 % of the skimmed milk 
intake. The dose of orange juice was a small one, but it was thought that 
with a diet consisting chiefly of milk a small dose would ensure against anti- 
scorbutic deficiency. A larger amount was at first given but appeared to give 
rise to diarrhoea. 

The marmite, which was used in place of the yeast to supply additional 
water-soluble B accessory food factor, was given in the day’s supply of milk. 
It is not possible to give the food intake of each individual kitten as the food 
(with the exception of the orange juice which was given with a pipette) was 
left in the pens. But the following table gives the average consumption; the 
quantity of bread is a very rough approximation as it was impossible to esti- 
mate with accuracy the residues left. 


1 On a few occasions dried machine skimmed milk or hand skimmed milk was given on 
account of the failure of the supply of separated milk from the dairy. 
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Average daily food consumption of each kitten of experiment 1. 
Control kittens § Experimental kittens 


2 and 3 1, 4, and 5 
Whole milk ies ‘ -. About 200 cc. each — 
Skimmed milk with 3 ~* a oil — About 145 ce. each 
White bread sie - = 258. + e 202. 
Orange juice ve eas mae 0-5 cc. 0-5 ce. 
Marmite... es ive aed 1-2 g. 1-2 g. 


Course of experiment. 


The accompanying charts (Figs. 1 and 2) show the weight curves of thekittens. 
But at this stage it must be mentioned that every one of the five kittens, 
especially the three experimental animals, was latterly very heavily infested 
with fleas, and that there were in each case at post mortem vast numbers of 
tape worms in the small intestines. This tape worm, the Diplidium caninum, has 
for its secondary host the dog or cat flea. To what extent these parasites 
affected the ultimate result is not clear, but all the kittens suffered from time 
to time with loose stools, their rest was disturbed by the fleas, and at the end of 
the experiment neither of the two control animals was in perfect condition; 
kitten 2 was well nourished and active but had loose stools, No. 3 was very 
thin. The experimental kittens were from the first more keenly interested in 
their food than the controls—they appeared to feel more hungry though their 
consumption of food was on the average smaller. About the sixth week of 
the experiment it was obvious that the experimental kittens were thinner 
than control kitten No. 2 which showed a steady gain in weight after the 
first three days (control No. 3 was however thin also). By the tenth or eleventh 
week the experimental animals were extremely emaciated, with coats in poor 
condition and were becoming less active. The emaciation, the condition of 
the coat and the inactivity became steadily worse and latterly the abdomens 
were much distended. At the end of the experiment there was an obvious 
difference in size between the two control kittens and the other two of the 
same litters. The difference in length from tip of nose to end of tail was 
2 ins. and 1 in. respectively. 

All the kittens appeared anaemic, possibly partly as a result of the tape 
worm infection. The blood count for kitten 5 (on the deficient diet) on the 
114th day of the experiment is given below: 


Normal blood count 


for cat 
Kitten 5 [Gulland and Goodall, 1914] 
Red blood corpuscles 4,390,000 per cmm. 8,000,000 per cmm. 
Haemoglobin ... ie 21% 70 % 
White blood corpuscles 22,300 per cmm. 18,000 per cmm, 


One of the skimmed milk animals, kitten 1, died on the 82nd day, the 
other two, kittens 4 and 5, were killed on the 114th day. 
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Post mortem findings. 


At post mortem no evidence of rickets was discovered. The pathological 
findings are given below. It will be remembered that the three kittens on 
the deficient diet were kittens 1, 4 and 5, those on the theoretically complete 
diet kittens 2 and 3. 
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Fig. 2. 
‘ontrol Kitte 2 2 o— ' 
Control Kitten, $ oO 0) Same litter 
Experimental Kitten, 19Q¢....ef 
Experimental Kitten, 52 x——x 
EXPERIMENTAL Kirrens 4 AND 5. Killed 114th day. Extremely emaciated. 


Costo-chondral junctions slightly enlarged. The histological changes as will 
be seen from the following paper written by Miss F. M. Tozer [1921] resembled 
those found in guinea-pigs and rats receiving a diet deficient in fat-soluble A. - 
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Stomach and intestines were distended with more or less complete loss of 
the normal puckering. The walls were much thinner than in the normal 
animals. The changes were similar to those described by McCarrison [1920] 
in animals receiving deficient diets. Liver pale and fatty looking—that of 
kitten 5 small compared to the controls. Kidneys very pale. Thymus absent. 

EXPERIMENTAL KitreN 1. Died 82nd day. Extremely emaciated. 

Costo-chondral junctions very slightly enlarged [see Tozer, 1921]. Stomach 
and intestines appeared normal. Liver pale fatty and small. Kidneys appeared 
normal. Thymus absent. 

Controu Kitten 2. General condition excellent, nothing abnormal dis- 
covered excepting the parasites which were found in all the animals. 

ControL Kitten 3. Very thin. No cause found unless the condition was 
due to the presence of the parasites. 

The teeth of all the kittens were perfect. In the two control animals whose 
costo-chondral junctions were normal [but see Tozer, 1921] the thymus gland 
was present, whereas as will be seen above it was absent from the three experi- 
mental animals. 

Summary. To summarise it appears that the chief effects of the diet 
deficient in fat-soluble A on these three six-week-old kittens were emaciation, 
arrest of growth, abdominal distention with (in two animals) atrophy of the 
walls of the stomach and intestines, and changes in the costo-chondral junc- 
tions similar to those seen in guinea-pigs and rats suffering from deficiency 
of the same accessory food factor. 

The weak point of the experiment is of course the presence of the in- 
testinal parasites and the fact that one of the two controls did not increase 
satisfactorily in weight. 

EXPERIMENT 2. 

Children who develop rickets generally do so during the period of the first 
dentition—a stage of development at which they are, comparatively, much 
less mature than six-week-old kittens. Therefore while the first experiment was 
running it was decided to start a second one, this time with younger animals. 

Age and diet of kittens. Of a litter of four kittens aged 16 days, three, after 
certain preliminary “test feeds,” were removed from the mother and hand fed 
entirely until nearly five weeks old, and partially until 7-8 weeks old. They 
were fed three-hourly from 10a.m. to 10 p.m. with warmed food from a 
pipette or baby’s bottle until old enough to feed themselves. The food was 
on the same lines as in the last experiment. 


Average daily food consumption of each kitten of experiment 2 


Control Experimental Experimental 
kitten 9 kitten 6 kitten 7 
Whole milk oe About 180 ce. — —_ 
Skimmed milk with 3 o%, ‘olive oil oe — About 145 ec. About 160ce. 
White bread supplied ad lib. after 3rd A very small 
week of experiment quantity ) Sites ni Gow etnitnal 


Orange juice hand fed after 3rd week 0-5 cc. J 
Marmite ... . she 1-2 g. 
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Course of experiment (see Fig. 3). 


The two experimental kittens appeared always ravenous, though latterly 
their food intake was decidedly smaller than that of the control. This was 
a striking feature almost to the time of death. About the 4th day kitten 7 
had diarrhoea, a condition from which both experimental kittens frequently 
suffered, especially kitten 7 (though both had masses of hard faeces in the 
large intestine at death). By the 8th day kitten 7 was less active than the 
control, the abdomen was distended and it walked very unsteadily on a broad 
base with the back bowed. By the 12th day kitten 6 was in much the same 
condition. They became progressively worse in all respects, the coat was 
matted and dirty and swarming with fleas, the hair coming out and there 
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was emaciation and arrest of growth. By the end of the experiment the 
contrast’ was striking. Kitten 9, though considerably smaller than the single 
kitten left with the mother, was a healthy active young cat, whereas the 
two animals on deficient diets were wasted dwarfs with ballooned abdomens 
and matted hair. They presented a miserable spectacle. The lengths of the 
kittens quoted below give no idea of the apparent difference in size. Kitten 7 
died on the 38th day with an attack of vomiting, kitten 6 appeared moribund 
and was chloroformed on the 54th day. 


Comparative lengths of kittens (inches) 


aeetee en 7, ee 
Kitten 35th day 54th day 
9 14-75 17-75 
7 12-5 — 


6 13-0 
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Post mortem findings. 


At post mortem it was found that all three kittens had tape worms, the 
control far more than the two on the deficient diet. The fat and the healthy 
looking well-developed muscles of control kitten 9 were in marked contrast 
to the pale flabby wasted tissues of the two small experimental kittens. The 
two experimental animals had slightly enlarged costo-chondral junctions 
(for the histological changes, which resembled those found in the earlier 
experiment, see Tozer [1921]). The rib junctions of the control were normal. 
The teeth were perfect. 

The stomach and intestines showed dilatation and atrophy of the wall. 
The, iver was pale and small compared to that of kitten 9. The kidneys 
appeared normal. The thymus was absent from all three kittens. 

Summary. The results of this experiment were similar to those of the last, 
but the arrest of growth, emaciation, abdominal distention, weakness and the 
hankering for food were early and very marked features. The picture seems 
extremely like that presented by children suffering from coeliac disease, a 
condition in which there is failure to digest fat, arrest of growth, emaciation, 
distention of the abdomen and hankering for food, as well as, in some cases, 
a diminution in size of the liver. Still [1918], after remarking on the apathy 
and langour of children with coeliac disease, observes “There is one subject 
in which almost all children with coeliac disease show a pathetic interest— 
namely their food; often indeed it is their one subject of conversation.” He 
however attributes this to the meagre dietary which has formed a part of 
their treatment. 


Criticisms of the experimental procedure. 


If these experiments were repeated it would be desirable to feed the kittens 
separately in order to ascertain the food intake of each, and for the same 
reason to give the oil by hand instead of as an emulsion in the milk. 

A better control would be provided by feeding the whole litter on skimmed 
milk, and to the control animals giving say cod liver oil, which is rich in 
fat-soluble A, in place of the olive oil of the experimental animals, for it is 
probable that the mechanical factor introduced by the oil was in part the 
cause of the diarrhoea in kittens 6 and 7. It might be as well also to give a 
larger dose of anti-scorbutic, possibly in the form of neutralised orange juice. 

As already pointed out the presence of the tape worms and their hosts 
the fleas introduced an unlooked-for difficulty. 


EXPERIMENT 3. 


Young rats aged 13 days (the eyes had opened on the 12th day) were put 
on a diet of white bread, skimmed milk with 3 % olive oil and small pieces 
of orange pulp. They consumed a much smaller quantity of milk as compared 
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with bread than did the kittens—but as will be seen from the weight chart 
(Fig. 4) their weight was not greatly below normal at the end of 122 days— 
their general condition was excellent. It would appear therefore that kittens 
require a larger proportion of fat-soluble A in their dietary than do young rats. 
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GENERAL SUMMARY AND CONCLUSIONS. 


In the experiments described above it was found that the six-week-old kittens 
when fed on a diet deficient in fat-soluble A, but otherwise theoretically 
adequate, became emaciated and finally ceased growing. They suffered from 
abdominal distention and diarrhoea; at post mortem it was found that the 
walls of the intestine were thin, and there were changes in the costo-chondral 
junctions resembling those found in young guinea-pigs and rats suffering from 
deficiency of the same accessory food factor. The thymus was present in 
two contro] animals and absent from the three experimental animals, but in 
the next experiment was absent from control and experimental animals alike. 
The food of these experimental kittens consisted of skimmed milk, olive oil 
and bread, with marmite and orange juice. Some weak points in the experi- 
ment have been pointed out. 

Analogous changes were observed in a second experiment on kittens aged 
16 days, which were hand-fed, and given a similar dietary—but in this case 
all the changes were much more rapid and striking. The appearance presented 
by these animals was extremely like the clinical picture of coeliac disease in 
children. There was no evidence of rickets found in any of the kittens post 
mortem, but the experiments appear to indicate that kittens when given a 
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diet deficient in fat-soluble A develop a condition similar to that found in 
guinea-pigs and rats under the same circumstances, and that kittens are 
probably more sensitive than young rats to a partial deficiency of the fat- 
soluble accessory food factor. 


In conclusion I should like to offer my sincere thanks to Dr C. J. Martin 
for his stimulating assistance and advice. The greater part of the laborious 
task of feeding the animals was carried out by Miss H. Henderson Smith, 
and to her as well as to Miss 8. Rutherford and others who shared in the 
work I owe the possibility of carrying out the experiments. 
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IV. THE EFFECT OF A DIET DEFICIENT IN 
ANIMAL FAT ON THE BONE TISSUE (RIB 
JUNCTIONS) OF KITTENS. 


By FRANCES MARY TOZER. 
From the Department of Experimental Pathology, Lister Institute. 


(Received November 15th, 1920.) 


Tue following remarks are based upon the examination of the rib junctions 
of the kittens used by Dr H. Mackay, in the foregoing experiments [ Mackay, 
1921}. 

Dr Mackay kindly supplied me with the material before giving particulars 
of the treatment of each animal in order that the diagnosis of the condition 
of the bone tissue might be unbiassed. 

The results of the examination are as follows: 

1. The rib junctions of the control animals Nos. 2, 3 and 9, were all 
diagnosed as “normal” with a reservation in the case of No. 3 that the bony 
trabeculae appeared to be slightly shortened and less normal in appearance 
than those of No. 2. 

It will be observed on reference to Dr Mackay’s paper that No. 3 was 
poorly nourished whereas No. 2 was well nourished. The difference in general 
condition is possibly sufficient to account for and explain the slight difference 
in histological condition. 

2. The experimental animals (Nos. 1, 4, 5, 6 and 7). None of these animals 
was diagnosed without comment as “normal.” No. 1 showed a very slight 
disorganisation of the bony trabeculae, a pronounced and possibly abnormal 
increase in length of the rows of cartilage cells and a slight degree of atrophy 
of the marrow. 

Nos. 4, 5 and 7 showed considerable shortening of the bony trabeculae, 
slight shortening of the rows of cartilage cells and varying degrees of atrophy 
of the marrow—doubtful in 4 and 5 considerable in 7. 

No. 6 was nearly normal except for the condition of the marrow which 
resembled No. 7. 

The abnormalities at the costo-chondral junction in these kittens do not 
appear to resemble those characteristic of rickets, the only suggestion of any 
connection between the two conditions being the possibly abnormal length 
of the rows of cartilage cells in No. 1. They do however correspond closely 
with the changes seen on examination of the rib junctions of guinea-pigs fed 
on diets deficient in fat-soluble A. 





; 
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That deprivation of fat-soluble A produces marked changes at the costo- 
chondral junction in the guinea-pig and that these changes are moreover 
indistinguishable from those caused by definite, but not severe, scurvy was 
suggested in a previous communication [Delf and Tozer, 1918]. This suggestion 
has since received confirmation and a fuller account of the experiments 
leading to this confirmation will be published shortly in the Journal of 
Pathology and Bacteriology. 
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V. COMPARISON OF THE GROWTH-PROMOTING 
PROPERTIES FOR GUINEA-PIGS OF CERTAIN 
DIETS, CONSISTING OF NATURAL FOOD- 
STUFFS. 


By ELEANOR MARGARET HUME. 
From the Department of Experimental Pathology, Lister Institute. 


(Received November 24th, 1920.) 


INTRODUCTORY. 


In the course of researches upon guinea-pig scurvy, which have extended 
over several years, evidence has gradually accumulated which seems to show 
that the guinea-pig, for healthy growth and maintenance, requires an abundant 
supply of the fat-soluble A accessory factor of McCollum (vitamin A of 
Drummond [1920]). Two distinct lines of evidence support this conclusion. 

The first line of evidence is derived from a number of experiments in 
which guinea-pigs grew on one group of diets and failed to grow on another 
group of diets. The distribution of vitamin A among foodstuffs has hitherto 
been only partially mapped out by the various workers in that field, yet, as 
far as the value for that factor of the various foodstuffs used is known, those 
which promoted growth seem to agree in containing vitamin A and those which 
did not, in lacking it. Furthermore those foodstuffs which produced partial 
growth seem to have done so in proportion to their known relative value for 
vitamin A. It is true that some of the diets which did not promote growth 
were open to criticism in some other respects than a deficiency of vitamin 4, 
but it is also true that some diets on which growth took place were equally 
liable to have been deficient in the same particulars and yet promoted growth. 
The only dietary common factor, absent from the one set of diets and present 
in the other set, was vitamin A. 

Most of the diets to be described were planned for the purpose of in- 
vestigating the anti-scorbutic value of certain foodstuffs and in the very 
earliest experiments the need for vitamin A to be included in the basal diet 
was not recognised. It was, however, soon found that on many diets the 
animals did not thrive [see Chick and Hume, 1917], although they did not 
develop scurvy, and from this time onwards 60 cc. daily of milk (autoclaved 
at 120° for an hour, to destroy the anti-scorbutic factor present) was made 
a routine addition to most experimental scurvy diets; later on, as the result 
of added experience, the daily ration was often increased to 90 cc. for large 
and quickly growing guinea-pigs. 
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The second line of evidence is that derived from the histological examina- 
tion of the rib junctions of all the experimental guinea-pigs, which was carried 
out as a routine by Miss F. M. Tozer. In the course of this examination she 
was forced to the conclusion that a bone lesion can occur on certain diets 
in which there can be no possible suspicion that the anti-scorbutic ration is 
insufficient. This bone lesion is in some stages indistinguishable from the 
bone lesion of scurvy and it occurs on many different diets which however 
have in common a deficiency in vitamin A. It is described by Miss Tozer 
[Delf and Tozer, 1918; Tozer, 1921]. The second line of evidence agrees with 
and supports the first in that the bone lesion is most severe where growth 
is least and in that failure in growth and severity of bone lesion both appear 
to be inversely proportional to the amount of vitamin A in the diet. 

It is only proposed here to bring forward the facts which form the first 
line of evidence, 7.e. to set out and compare the growth occurring in guinea- 
pigs on certain diets, differing from one another in their content of vitamin A. 
Miss Tozer’s histological diagnosis of each case, wherever such was made, 
will at the same time be given for comparison, by her kind permission, 
but a full histological treatment of the whole question will be made by her 
separately in another communication. 

Reference to the probable need of the guinea-pig for vitamin 4 has 
frequently been made in the papers of Dr Harriette Chick and her co-workers 
at the Lister Institute [Chick, Hume and Skelton, 1918; Delf and Skelton, 
1918; Chick and Campbell, 1919]. Frélich [1912] refers to a fragility of the 
bones, attributed to a deficient diet, which is not scurvy. Jackson and Moore 
[1916] speak of a lesion resembling macroscopically a rachitic rosary, pro- 
duced in guinea-pigs on a diet which was not quantitatively controlled but 
may have been deficient either in the anti-scorbutic or in vitamin A or in 
both. Hess and Unger [1918] also refer to changes in the rib junctions of 
guinea-pigs, on experimental diets, which they regard as more akin to 
rickets than to scurvy. It is thus apparent that a number of observers have 
noted the occurrence of more than one bone lesion in guinea-pigs, due to 
dietary causes, but there does not seem to be much evidence correlating any 
such lesion with a deficiency of vitamin A. 

Cohen and Mendel [1918] conclude that the fat-soluble factor is not one 
of the primary factors concerned in scurvy of the guinea-pig, but do not 
state whether they consider it may have other importance. 


TECHNIQUE. 


The technique employed was the same as that which has been used 
throughout the Lister Institute scurvy experiments and has been detailed 
many times already. Young growing guinea-pigs about 320< weight were 
fed with a mixture of oats and wheaten bran ad libitum, but weighed. To this 
was added the food to be tested in weighed or measured quantities; the residues 
were either fed by hand or were measured and the quantity actually consumed 
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was calculated. In the present set of experiments, extra anti-scorbutic in 
the form of orange juice was added in those cases where the experimental 
ration did not already contain sufficient of that factor. It is proposed to give 
here details of various additions to this basal diet, together with details of 
the growth on such variously supplemented diets and a histological report, j 
furnished by Miss Tozer. 

The comparative growth of the animals has been set out in the form of a 
table, in which the weight at the start of the experiment and after 25, 35 and 
45 days is given, together with the percentage increase for each animal and 
the average percentage increase for the whole group over each period. The 
normal as estimated by Delf [Delf and Tozer, 1918] is taken as the standard 
and in these experiments all degrees of deviation from it are found, down to 
cases such as Nos. 628, 629, 631, 632 (Table II, Group 28) on a diet of oats, 
bran, water and 10 cc. of orange juice daily, which showed no growth at all 
even in the first fortnight, but an actual loss in weight, amounting to an average 
of 19-7 % for the group for 25 days. 

The histological bone lesion occurring in the rib junctions has been classified 
into the four very convenient degrees of severity already briefly described 
by Miss Tozer [Delf and Tozer, 1918]. She classifies the lesion occurring in 
guinea-pigs fed on a diet deficient in the anti-scorbutic or in vitamin A into 
four degrees of severity; normal, incipient, definite, acute; the exact signifi- 
cance of these terms can be ascertained on reference to her paper where 
diagrams are given. In some cases the experiments were continued for con- 
siderably longer than the 45 days for which the latest weight reading is given. 
In other cases the animal died after as short a period as 20 days so that the 
histological examination was made after the animals had been for very varying 
periods on the different diets. Doubtless this variation must affect to some 
degree the severity of the bone lesion but Miss Tozer has found that his- 
tological bone changes begin very early on a deficient diet [Tozer, 1921] and 
it is not therefore thought that such a variation seriously affects the com- 
parative value of the histological findings, relative to one another. In the 
last column of the table the number of days elapsing between the beginning 
of the experiment and the date of death is noted. 





Beyond the loss in weight and the. bone lesion described, there are no 
other marked symptoms. The emaciation may be extreme, not a particle of 
fat being discoverable on the body in severe cases. All bones are more or less 
brittle and the animal is extremely prone to suffer from intercurrent disease, 
particularly lung affections. 


EXPERIMENTAL RESULTS. 


The experimental results can be divided roughly into two groups, those 
concerned with foods which promoted growth (Table I) and those concerned 
with foods which did not (Table II). Naturally the division is only an arti- 
ficial one, for many of the foodstuffs not promoting growth might promote 
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growth if given in much larger quantities and many of the growth-promoting 
ones would fail to do so if given in much smaller quantities, but for purposes 
of convenience such a division is permissible. The first or growth-promoting 
group includes milk in several forms, green cabbage or some modification 
thereof and hay. The second or non-growth-promoting group includes white 
cabbage and a derivative thereof, swede juice, boiled onion, orange juice and 
germinated peas. 


Green cabbage leaf, raw. (Table I, Groups 1, 2 and 3.) 


Group 1. 309. daily ration. An oat and bran diet to which 30 g. daily of 
raw green cabbage is added is richly growth-promoting and the average per- 
centage increase for a group of animals for 45 days was 60-4 %, actually more 
than the normal standard of 55-8 %, calculated for the same period. 

Histological examination of the costo-chondral junctions of the ribs. Only 
two animals were examined, after 39 days of the experiment, and both showed 
a normal histology. 

Group 2. 15g. daily ration. With a 15g. daily ration, good growth but 
not to the full normal extent is induced. The average percentage increase 
for a group of seven animals for 45 days being 40-1 % which is only about 
two-thirds of that on 30 g. 

Histological examination. Only four animals were examined; three were 
quite normal and the fourth was nearly so, not being sufficiently abnormal 
to be classed as “incipient.” 

Group 3. 5g. daily ration. A ration of 5g. daily also produced growth, 
but the increase was still further below the normal, being an average of only 
29-9 % for a group of three animals for 45 days, 7.e. about half the corre- 
sponding figure for 30 g. 

Histological examination. The three animals in this group were all ex- 
amined; one was not quite abnormal enough to be called incipient and the 
other two were between incipient and definite. 


Green cabbage leaf, heated for one hour at 100°. (Table I, Groups 4 and 5.) 


The cabbage was prepared by being steamed for an hour at 100°. 

Group 4. 30 g. daily ration. On a 30g. daily ration a group of three 
animals showed a rate of growth equal to that on 30g. raw cabbage. The 
two animals on which the experiment was continued for 45 days showed an 
even better average rate of increase (71-4 %) than the rate of increase for 
30 g. raw cabbage (60-4 %). 

Histological examination. All three animals were examined, two of them 
were found to be perfectly normal and the third shcwed a very slight de- 
parture from normality but not sufficient to be called abnormal. 

Group 5. 15 gq. daily ration. Three animals received a daily ration of 15 g. 
and showed a rate of growth (45-5 %) slightly superior to that (40-1 %) for 
15 g. of raw cabbage. 


Bioch. xv 
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Histological examination. Only one animal was examined and was found 
nearly normal. 

Steaming cabbage for an hour at 100° does not therefore appear to destroy 
a perceptible amount of its growth-promoting powers for guinea-pigs. 


Green cabbage leaf, heated for two hours at 100°. (Table I, Group 6.) 

The cabbage was prepared by being steamed for two hours at 100°. 

Group 6. 15 9. daily ration. Five animals received 15 g. daily each and 
their average percentage increase (37-9 °4) for 45 days, is only slightlv inferior 
to the corresponding figure for raw cabbage (40-1 %). 

Histological examination. Three of the five animals were examined and 
showed a normal histology. 

Cabbage steamed for two hours at 100° does not appear to be materially 
damaged as regards its growth-promoting powers for guinea-pigs. 


Filtered green raw cabbage juice. (Table I, Groups 7 and 8.) 

A number of experiments were planned in order to dissociate the growth- 
promoting fraction, as far as possible from the proteins and other substances 
in the actual tissues of the leaf. Juice from raw and heated cabbage, filtered and 
unfiltered, was used and in one or two cases caseinogen was added to compare 
the effect. 

For the preparation of the raw juice the green portions of the leaf, free 
of the mid-rib, were minced in a mincing machine, the pulp was enclosed in 
muslin and pressed out in a hand press. In all cases the animals were allowed 
to drink the juice if they would; if they would not it was fed by hand. The 
juice was filtered through paper. 

Group 7. 20 cc. daily ration. Two animals received 20 cc. of the raw juice 
filtered and made some growth, 7.e. an average of 24-3 % in 45 days; this is 
a rate of increase well below the normal (55-8 %) and less even than that 
(29-9 %) made on 5 g. daily of the raw green leaf. 

Histological examination. Both animals were examined and one was found 
to be almost completely normal and the other between normal and “‘incipient.”’ 

Group 8. 30 cc. daily ration. One animal received 30 cc. daily and showed 
32-9 % increase in 45 days, an increment which is still nearly 50 % below 
the normal. 

Histological examination. The condition of the rib junctions was distinctly 
abnormal, being between “incipient” and “definite.” 

Raw filtered cabbage juice is thus capable of promoting growth but 
possesses this property in a much less degree than the raw leaf. 


Unfiltered green raw cabbage juice. (Table I, Group 9.) 
The juice used was the same as in Groups 7 and 8 except that it was 
unfiltered. 
Group 9. 30 cc. daily ration. Only one animal received this ration and its 


percentage increase for 45 days, 7.e. 31 %, was almost identical with that 
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(32-9 %) of the one animal (Group 12) which received 30 cc. of the filtered 
juice. 
Histological examination. The histological result also corresponded with 
that of the animal in Group 12, being between “incipient” and “definite.” 
So far as evidence derived from comparison between two single animals 
is worth anything at all, it points to there being no loss of growth-promoting 
power in cabbage juice on filtration through paper. 


Filtered green heated cabbage juice. (Table I, Groups 10, 11 and 12.) 


The juice was prepared by steaming the cabbage at 100° for 20 minutes, 
folding it in muslin and pressing in a hand press. It was then filtered through 
a paper filter. 

Group 10. 20cc. daily ration. 20 cc: of the juice was fed to two animals 
which both showed some rise in weight at the 25th day (average 9-0 %) but 
this had diminished to 3-6 % on the 35th day. On the 45th day one of the 
two animals showed a percentage loss over the whole period of 11-2 % while 
the other showed some loss of what it had previously gained, though there 
was a net gain over the whole period of 3-9%. The gain for this animal 
(No. CJ 6) for 35 days was 11-1 %. 

No histological examination was made. 

Group 11. 20 cc. juice + 2g. caseinogen daily ration. The caseinogen was 
unpurified ; it was mixed with a little water and was fed by hand. The quantity 
2 g. was selected as being somewhat in excess of the amount present in 60 ce. 


5 
of cow’s milk, a ration of milk well known to be growth-promoting for guinea- 


pigs. 

One animal received the ration but the caseinogen did not affect the 
result in its case for it just showed maintenance over the whole period of 
45 days. 

No histological examination was made. 

Group 12. 30cc. daily ration. Only one animal received 30 cc. of the 
filtered heated juice; for the period of 45 days it showed considerable growth 
(38-3 %), not equal to the normal (55-8 %), but nearly approaching that for 
15 g. raw green cabbage leaf (40-1 %), and rather greater than that for 30 cc. 
of the raw juice either filtered or unfiltered. 

No histological examination was made. 

On the 20 cc. dose the juice of heated cabbage appears to be much inferior 
in growth promoting power to the raw juice, but on the 30cc. dose this 
difference is not apparent; individual idiosyncrasy is however so great that 
very little importance can be attached to the behaviour of single animals, 
such as are available for comparison of the 30 cc. doses. 


Unfiltered green heated cabbage juice. (Table I, Groups 13, 14 and 15.) 
The juice was prepared as for Groups 10, 11 and 12 but it was not filtered. 
Group 13. 30 cc. daily ration. Two animals received a 30 cc. daily ration 











| 
' 











GROWTH-PROMOTING PROPERTIES OF FOODSTUFFS — 39 





and both of them made about half the normal growth for 35 days, but by the 
45th day one animal, CJ 15, had begun to lose slightly and the other, CJ 7, 
had converted the previous gain into a negative balance of 6-8 %. In such 
cases as this the dose would appear to be sufficient to start growth but ceases 
to be so when the animal is larger. It can scarcely be that the animal starts 
growth on a reserve of its own which gradually becomes exhausted, as seems 
to be the case with the rat, when suffering from a deficiency of vitamin A, 
because on some of the diets, such as oats and bran and orange juice (Table II, 
Group 28), there is absolutely no increase in weight at all but a rapid decline 
from the start. 

Histological examination. The one animal, CJ 15, which made the better 
growth gave a histological result between “incipient” and “definite”; the 
other animal was not examined. 

Group 14. 30cc. juice + 29. caseinogen, daily ration. This group only 
contained one animal which made rather better growth than the two animals 
in the preceding group; at 35 days it showed an increase of 31-4 % but by the 
45th day it also had begun to decline and showed a net increase for the whole 
period of only 30-2 %. 

: Histological examination. The lesion in the rib junctions was of the third 
degree, being “definite.” 

It is unlikely that the rather better growth shown in this case on the 
addition of caseinogen was due to more than the individual idiosyncrasy of 
the animal; the addition of caseinogen in Group 2 produced no such effect. 

Group 15. 40 cc. daily ration. This group includes seven animals, of which 
one was ill during the experiment but recovered, the values for it are therefore 
given but are not included in the averages. The group for each of the three 
time periods shows a rate of increase about half the normal. 

One animal (CJ 21) which showed a low rate of growth had the daily 
dose increased to 50 cc. after the 35th day but this increase was not reflected 
in the subsequent rate of growth although the histology was almost perfectly 
normal. 

Histological examination. The histological results were better than those 
recorded for any of the other cabbage juice groups, excepting Group 7 (20 cc. 
raw green filtered juice). One animal showed an almost normal histology, 
three were between normal and “incipient,” one was “incipient,” one was 
between “incipient” and “definite” and one was “definite.” 

Taken together the cabbage juice results indicate that filtration through 
paper does not affect the growth-promoting properties of cabbage juice but 
that the juice from the raw leaves is more potent than that from the cooked 
leaves. As it was observed, in experiments already detailed, that steaming 
did not appreciably diminish the value of the leaves when fed whole, it must 
be that the growth-promoting principle does not pass out with the juice on 
pressure as readily after heating as it did before. Perfectly normal growth 
was not obtained in any case with the cabbage juice rations but the indica- 
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tions are that such growth would be secured if larger doses of the juice could 
be conveniently given to the animals. 


Dried cabbage juice. (Table I, Group 16.) 


The juice was prepared from steamed cabbage leaves in the manner already 
described but was not filtered. The yield of juice was about 50% of the 
weight of cabbage taken. It was poured into large flat dishes which were 
placed in a hot room (37°) with an electric fan just beside them. After about 
24 hours the liquid had evaporated to a sticky, thick paste and was further 
dried by the method described by Harden and Robison [1919]. The paste 
was scraped up and worked up with a knife so as to become full of air bubbles. 
The aerated mass was placed in a desiccator which was then evacuated. The 
whole mass swelled and rose up and if left in the desiccator was dry and 
porous by the next morning and could be broken up into a coarse powder. 
Frequently however the drying was not complete in one operation and it was 
necessary to work the mass up and evacuate the desiccator several times. 
The dry solids generally amounted to about 5 % of the weight of juice taken. 


The powder was extremely hygroscopic and had to be kept in a desiccator; 


new batches were made about once a fortnight. For administration to the 
guinea-pigs, the powder was mixed with a little water and given by hand. 

With this ration 5 cc. of orange juice was given daily, as the anti-scorbutic 
value of the cabbage juice was likely to have suffered seriously in the process 
of drying. 

Group 16. 50 cc. daily ration. The dried cabbage juice was fed to three 
guinea-pigs in amounts calculated to be equivalent to 50cc. of the heated 
juice. Growth was obtained but was less than one-half the normal and was 
also less than that obtained on smaller doses of the heated juice which had 
not been dried. 

Histological examination. The results were also rather inferior to those 
on smaller doses of the heated juice. One animal was between normal and 


‘ ‘ 


“incipient” and two were “incipient.” 
There is some loss of growth-promoting power on drying cabbage juice 


but the loss is by no means complete. 


Raw cow’s milk. (Table I, Groups 17 and 18.) 


The milk used in these experiments was very pure, freshly delivered 
certified country milk; the time of year at which the experiments were per- 
formed was unfortunately not the same in every case but the months are 
given in each case. 10 cc. orange juice daily was given with this and all other 
milk rations, to supply the anti-scorbutic factor which would otherwise have 
been insufficient. 

Group 17. 20 cc. daily ration, increasing to 40 cc. and later to 60cc. Dec.- 
Feb. Two animals received 20 cc. daily and after 25 days one, No. 684, showed 
a loss of 8-6 % and the other, No. 685, showed a gain of 4-4 %. 





: 
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After 30 days the amount of milk was increased to 40 cc. daily and after 
30 days on this altered ration No. 684 had recovered a very little weight but 
had not regained its original weight. No. 685 had gained steadily, though 
not normally, and was allowed to remain on the 40 cc. ration on which it 
continued to gain slowly for over 80 days. No. 684, however, was altered to 
60 cc. daily on which after a little delay it made a sharp gain in weight. 

No histological examination was made. 

From experiments on the anti-scorbutic values of foodstuffs published 
elsewhere [Chick and Hume, 1917] it is well known that 60cc. of auto- 
claved milk daily gives very good, if not perfectly normal growth in guinea- 
pigs, when added to a diet of oats and wheaten bran and orange juice. The 
foregoing experiment was sufficient to orientate and to show that a quantity 
less than 60 ec. of raw milk will not do so. This amount was therefore chosen 
as the daily ration in the following experiments, Groups 18, 19, 20 and 21, 
in which the growth-promoting powers of several kinds of milk were examined. 

Group 18. 60 ce. daily ration. June-July. Four animals received 60 cc. 
daily of the raw milk and made good but not quite normal growth, the average 
increase for the group for 45 days being 46-9 % as against 55-8 % for the 
normal. 

Histological examination. Of the four animals one was perfectly normal 
and the remaining three were almost completely so. 

It would therefore appear that 60 cc. raw milk a day is almost but not 
quite a sufficient quantity to promote normal growth. 


Cow’s milk autoclaved for one hour at 120°. (Table I, Group 19.) 


The same milk as that used in Groups 17 and 18 was autoclaved for one 
hour at 120°. 

Group 19. 60 ce. daily ration. June-July. Four animals receiving the above 
ration showed a rate of growth (44-8 %), almost identical with that (46-9 %) 
of the animals which received 60 cc. raw milk. 

Histological examination. The results were very slightly inferior to those 
of animals in Group 18, three being nearly normal and one “incipient.” 

It therefore appears that heating for an hour at 120° in an autoclave does 
not appreciably damage the growth-promoting power of milk for guinea-pigs. 


Dried milk. (Table I, Group 20.) 


A well-known brand of dried milk, much used in infant feeding, was 
employed. It was not more than a month old and was prepared in March 
and April. The milk was made up so that the liquid should contain 3-5 % 
of fat but the powder is a proprietary article in which the original composition 
has been slightly modified. No fine quantitative deductions could therefore 
be drawn from the result, but it should be possible to say whether drying 
seriously damages the growth-promoting properties of milk for guinea-pigs 
or no. 
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Group 20. 60cc. daily ration. Four animals received the 60 cc. daily 
ration and shewed over a period of 45 days a rate of growth (37-7 %), slightly 
inferior to the corresponding rate (46-9 %) for raw milk. 

Histological examination. The results were distinctly inferior to those on 
raw milk, two animals being “incipient” and two between “incipient” and 
“definite.” 

Since the dried milk was not prepared from the milk used in the raw 
milk experiments and since the time of year and consequently the food of 
the cows were different, it is not possible to attribute the slight inferiority 
of the dried milk, with certainty, to the fact that it had been dried. It 
is possible however to say that if drying affects the growth-promoting power 
of milk for guinea-pigs at all, it only does so very slightly. 


Hay autoclaved at 120° for one hour. 


No continuous experiments were put up with a daily ration of hay, but 
six animals receiving oats and bran and varying rations of lemon juice, and 
ten animals receiving oats and bran and varying rations of germinated peas 
showed no appreciable growth. Autoclaved hay (about 20 g. daily) was then 
added to the diets for four days and every animal showed an immediate 
sharp rise in weight which at once ceased when the hay was taken away again. 

After drying and autoclaving for an hour at 120°, therefore, hay still 
retains considerable growth-promoting power for guinea-pigs, though the 
above observation gives no indication whatever, whether some of the original 
growth-promoting power is lost or not. 


White cabbage leaf, raw. (Table II, Group 21.) 


The first of the non-growth-promoting group of foodstuffs is the raw white 
heart of cabbage. Very tightly closed cabbage hearts were used and the 
outer green leaves were stripped off until inside leaves of a uniform pale 
etiolated greenish yellow were reached. 

Group 21. 154g. daily ration. Guinea-pigs do not willingly eat the heart 
leaves of cabbage but two were persuaded to do so. One, No. 698, failed 
altogether to grow and when the experiment ended after 39 days showed a 
loss of 4-3 %. The other, No. 692, showed a gain of 4-4 % at the 35th day, 
which was converted into a loss of 2-4 % by the 45th day. 

Histological examination. The lesion was well marked being between 
“incipient” and “definite” for one animal and “definite” for the other. 

Since even as little as 5g. of green raw cabbage have been shown to 
produce as much as half the normal growth, while 15 g. of white cabbage 
produce practically no growth at all, it is clear that white cabbage is vastly 
inferior to green in its growth-promoting properties. When however the state 
of affairs on a white cabbage ration is compared with that on oats, wheaten 
bran and orange juice it is apparent that the white cabbage cannot be so com- 
pletely deficient in growth-promoting properties as is the orange juice. The 
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former at least secures something like maintenance for as much as 45 days, 
whereas on the orange juice there is a heavy loss (average 19-7 %, Group 28, 
Table II), even in 25 days. 


Unfiltered heated white cabbage juice. (Table I1, Group 22.) 


The juice was prepared in the same way asthe juice of steamed green 
cabbage leaves and the leaves were selected as in the foregoing experiment 
(Group 21). The juice was not filtered. 

Group 22. 40 cc. daily ration. Three animals received the above ration; 
of these one showed no growth but a negative balance of 4% even by the 
25th day; on the 35th day the negative balance was increased to 12-5 % and 
before the 45th day the animal was dead. The other two animals, CJ 16 
and CJ 17, showed some increase (9 and 10 %) on the 25th day, but by the 
35th day CJ 17 was losing weight and was dead before the 45th day; CJ 16 
went on gaining a little to the 25th day (14-6 %) but by the 45th day showed 
a negative balance of 4 % and died shortly afterwards. 

Histological examination. One animal was between 
“definite,” one “definite” and one between “definite” and “acute.” 

Comparison of the 40 cc. dose of the green (Group 15) and of the white 
cabbage juice shows the great inferiority of the latter. On the green, growth 
amounting to about half the normal was obtained; on the white, after slight 
initial growth the animals declined and died in 45 days or less. 


‘ 


“incipient” and 


Steamed Onion. (Table II, Groups 23 and 24.) 


The onion was steamed in a double saucepan for a rather indeterminate 
time, probably about one hour; it is however known from the experiments 
with steamed cabbage that steaming even for two hours is unlikely greatly 
to damage the growth-promoting property if present. 

Group 23. 30g. daily ration. Four animals received this ration and did 
not give a very uniform result. Two, Nos. 62 and 63, showed a considerable 
rise, nearly half the normal in the first 25 days but one of these declined and 
was dead very soon after. No. 63 increased a little further to the 35th day 
(23-3 %%) but then began to decline very slowly, showing a net increase of 
only 20 % on the 45th day. The other two, Nos. 64 and 65 A, both showed 
a constantly increasing loss amounting to 10 % in one case and 37-8 % in 
the other, by the 45th day. 

Histological examination. Three of the five animals were examined; one 
was between “incipient”.and “definite” and two were “definite.” 

Group 24. 60g. daily ration. One animal received a daily ration of 60 g. 
on which it showed no gain but almost maintained itself for 45 days. 

Histological examination. The lesion was “definite.” 

Steamed onion does not seem to be wholly devoid of growth-promoting 
power for guinea-pigs but in most cases even in large rations it produces 
very little effect. 
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Swede juice. (Table II, Group 25.) 

The juice of the swede turnip (Brassica campestris, var. Napo-Brassica) 
was expressed by first grating the swede root on a kitchen grater and then 
enfolding the pulp in muslin and squeezing out the juice by hand. 

Group 25. 20 cc. daily ration. Four animals received the ration and three 
showed a decline from the start; of these two were dead by the 45th day. 
The fourth, No. 539, showed an increase of 10-1 % on the 25th day, but by 
the 35th day the net increase was only 7-6 % and by the 45th day there was 
a negative balance of 4-3 %. 

Histological examination. One animal was “incipient” and three “definite.” 

Swede juice is evidently almost devoid of growth-promoting power for 
guinea-pigs in quantities of 20 cc. daily. 


Germinated peas. (Table I1, Groups 26 and 27.) 

Peas were germinated by soaking in water for 24 hours and germinating 
them in a funnel for 48 hours; the outer coat of the seed was removed and the 
peas fed to the guinea-pigs whole. 

Group 26. 20 g. daily ration. Three animals received the ration for 25 days 
and just maintained weight; only one received it for the full 45 days and 
showed a very slight negative balance. 

No histological examination was made. 

Group 27. 30g. daily ration. Two animals were used but the experiment 
only lasted 20 days in one case and 23 in the other, both animals showed 
slight negative balance. 

No histological examination was made. 

Germinated peas appear to possess very little growth-promoting power 
for guinea-pigs. 

Orange juice. (Table II, Group 28.) 

The oranges were cut across and the juice expressed by hand. 

Group 28. 10cc. ration daily. Four animals received the ration and after 
25 days showed a large negative balance, amounting to an average for the 
group of 19-7 %. 

Histological examination. The lesion was very bad, three animals being 
“ definite” and one “ acute.” 

The dose of orange juice given was only a small one, not sufficient to 
amount to a real test of the growth-promoting properties of orange juice; 
the result with these four animals is only quoted here to show that there is 
no gain at all but an immediate and rapid loss on the most deficient type of 
diet. 

DiscussIoN AND CONCLUSIONS. 

It is believed that the foregoing experiments indicate that the guinea-pig 
requires for growth and maintenance a considerable quantity of the fat- 
soluble accessory factor of McCollum (vitamin 4 of Drummond) in its diet. 
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Such a conclusion is reached for two reasons, firstly the diets which produced 
growth were not superior in their protein, salt or caloric value, to those which 
did not; the difference must therefore lie in their vitamin content, but it is 
known that the anti-scorbutic and anti-neuritic vitamins were adequately 
supplied in all cases; the only known dietary constituent which could have 
been lacking is thus the vitamin A. 

Secondly, the distribution of the growth-promoting factor revealed in 
these experiments, and its behaviour under certain forms of treatment, corre- 
spond with what is known of the distribution of vitamin A and its behaviour 
in similar circumstances. 

To take the first point in more detail, growth occurs on green cabbage 
juice but not on white nor on swede juice, it occurs on green cabbage leaf 
(5 g.) but not white (15 g.) nor on germinated peas nor on onions. These 
sets of rations do not differ materially from one another in salt, protein or 
caloric value, the difference must rather be that of a body, present only in 
the minute amounts in which a vitamin is present. If it be granted then that 
the growth-promoting factor in this set of experiments is probably a vitamin, 
it is further apparent from the next paragraph that that vitamin corresponds 
with vitamin A in its distribution among foodstuffs and in its behaviour. 

The work of McCollum has shown that vitamin A is present in green leaves 
[ McCollum, Simmonds and Pitz, 1916] and in the butter fat of milk |[McCollum, 
Simmonds and Pitz, 1916; McCollum and Davis, 1919]; in his book, McCollum 
[1920, p. 89] makes the generalisation, drawn from various experiments, that 
it is only present to a small extent in most roots and non-fatty seeds, such as 
cereals. Osborne and Mendel [1919] show that it is still present in green leaves 
after drying. Correspondingly it is found in the experiments detailed in this 
paper, that green cabbage and milk and dried leaves (hay) promote growth 
in guinea-pigs, while roots, as represented by swede juice and onions (truly 
an underground stem), and seeds, as represented by peas, fail to do so. 

Coutts and Winfield [1918] have shown that milk, after drying, is still a 
rich source of vitamin A for rats and similarly in these experiments, dried 
milk is found to be little if at all inferior to raw milk in its growth-promoting 
properties. 

Till recently the evidence with regard to the behaviour of vitamin A 
towards heat was conflicting but the position is now greatly cleared up by 
a contribution of Hopkins [1920], which shows that vitamin A is resistant 
to heat only as long as there is no access of oxygen but that as soon as 
oxidation is permitted at the time of heating, destruction of vitamin 4 begins 
to take place. In the present experiments in which milk and cabbage were 
heated in an autoclave or in a steamer, little or no loss of growth-promoting 
properties could be detected and correspondingly it is clear that the conditions 
were not such as would promote oxidation. 

Lastly Drummond and Coward have found (Unpublished Experiments) 
that etiolated and non-green organs of plants are deficient in vitamin 4, 
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corresponding with the present results that they are non-growth-promoting 
for guinea-pigs. 

The correspondence is complete as far as the experiments go and there 
are no discordant facts, but on the other hand the evidence is not quite 
complete, for in no case can it be said that the only difference between a 
growth-promoting and a non-growth-promoting diet was the presence or 
absence of vitamin A; were it shown for instance that milk on heating with 
access of oxygen loses at the same time its growth-promoting power for 
guinea-pigs and its vitamin A value for rats, the evidence could be regarded 
as conclusive. 

Prima facie it is extremely probable that the guinea-pig would require 
vitamin A for it is akin to the rat and must be accustomed, in natural con- 
ditions, to a diet of greenstuff even richer in vitamin A than the diet of the 
wild rat; such a line of argument is not however really permissible, for the 
guinea-pig differs, on the other hand, very markedly from the rat in its large 
need of the anti-scorbutic factor, a need so large that it has probably limited 
the creature’s geographical distribution and made the numerical success 
achieved by the rat, mouse and rabbit in the struggle for existence, an im- 
possibility for it. 

If it can be accepted from these experiments that the guinea-pig is an 
animal requiring a large supply of vitamin A, it provides another animal on 
which the vitamin A value of certain classes of foodstuffs can be tested. The 
technique of rat feeding for testing the value of substances in vitamin A has 
now been much improved by the work of Drummond and Zilva but it still 
holds many difficulties and when the vitamin A value of a substance is low, 
so that large quantities of it have to be given, the technique sometimes fails 
altogether and frequently from the quantitative point of view. It is ex- 
ceedingly difficult to hand-feed an unwilling rat, it is comparatively easy to 
do so with a guinea-pig. Further, guinea-pigs do not appear to grow at all 
if the diet is entirely deficient in vitamin A, though perhaps a larger number 
of experiments is needed, before this can be affirmed absolutely to be the 
case. If, as is believed, it is the case, then the growth achieved on any diet 
can be regarded as a measure of the amount of vitamin A in that diet and 
even the first few days of growth or failure can be regarded as the true trend 
of the whole of the rest of the experiment, without the need of any preliminary 
depletion period such as it is often customary to use with rats. In this way, 
vegetables, fruits, extracts of substances and other non-fatty preparations 
can be tested on guinea-pigs for their vitamin A value, but, as far as can be 
seen, fats cannot be so tested. Fat as emulsion in milk is tolerated by the 
guinea-pig but for more concentrated fats it appears to have an intolerance; 
cream and egg yolk were found to be fatal and codliver oil, even in small 
doses, appeared to have a very deleterious effect ; these substances are however 
ones with which the rat technique is able to deal. 

The above experiments were all conducted under the direction of Dr 
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Harriette Chick by whom I am kindly permitted to collect and tabulate them. 
Almost every one of those who have ever cooperated with Dr Chick, in her 
work on deficiency diseases, has contributed to the actual performing of these 
experiments and I have to thank Dr Dalyell, Miss Rhodes, Miss Skelton and 
particularly Mrs Barnes and Dr Delf for permission to use them. A number 
of them have been published already in various papers on guinea-pig scurvy, 
particularly those of Dr Delf on cabbage [Delf and Skelton, 1918; Delf and 
Tozer, 1918], the question of the effect of heat on the growth-promoting 
properties of cabbage is there discussed but it is not thought out of place to 
quote the same experiments again here. 


SUMMARY. 


(1) A large number of dietary experiments on guinea-pigs, originally 
planned to determine the anti-scorbutic values of various foodstuffs, are 
analysed and the diets tabulated together with the growth of the animals 
on the diets. 

(2) Growth is found to take place when green cabbage (raw or steamed), 
green cabbage juice, hay and milk (raw, heated or dried) are added to a diet 
of oats and bran and water. Orange juice was added when the anti-scorbutic 
value of the ration was insufficient. Growth is found to vary according to 
the size of the ration given. 

(3) Little or no growth is found to take place when raw white cabbage, 
white cabbage juice, swede juice, orange juice, onion or germinated peas are 
added to the diet. 

(4) It is argued that the diets could only have been deficient in a dietary 
factor of the rank of a vitamin and that the growth-promoting factor in these 
experiments corresponds in its distribution among foodstuffs with the known 
distribution of vitamin A. 

(5) As the result of these experiments guinea-pigs are recommended for 
trial, as suitable for testing the vitamin A value of non-fatty foodstuffs, for 
which rats are for any reason unsuitable. 
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THE enteroliths occurring in man which have been described previously have 
consisted largely of inorganic material, principally ammonio-magnesium 
phosphate, calcium phosphate and calcium carbonate. Concretions in the 
alimentary tract may also occur, however, which contain notable quantities 
of calcium or magnesium soaps [ Williams, 1907], and yet others which contain 
gall stones as a nucleus. 

The enterolith described in the present paper was found by Mr James 
Phillips, Honorary Surgeon to the Bradford Royal Infirmary, in a case 
operated on for intestinal obstruction and he kindly allowed me to examine it. 
The stone was found about the middle of the jejunum and was the cause of 
the obstruction. In the ordinary way it might have been mistaken for a gall 
stone but was more friable than gall stones usually are. It weighed 6-8 g., 
was about the size of a walnut and on section had no definite nucleus. When 
ground up it had a yellowish sand colour. From the ground material two 
small pieces of tissue resembling fruit skin were separated. On heating a 
small portion on platinum foil the material was seen to be almost entirely 
organic, only a trace of ash being left. An actual estimation of ash showed 
that only 1-19 % was present. 

A preliminary extraction with solvents showed that a portion was easily 
soluble in ether and light petroleum; another portion was slightly soluble in 
ether, more so in acetone and very soluble in alcohol. After removing all 
the soluble matter with ether and alcohol a pigmented residue was left which 
gave bile pigment reactions and contained food debris (starch and protein 
colour reactions). A quantitative examination by extraction of a weighed 
amount of the material in a Soxhlet apparatus was next carried out in order 
to determine the amount of the various fractions. The amount of material 
used for the extractions was 1-8896 g. 

Ether Extract. This extraction was not carried to completion but allowed 
to proceed until it was judged that all the easily soluble substance had been 
removed. After distilling off the ether the residue was extracted several times 
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with hot light petroleum to remove fatty acids, fat and cholesterol-like 
substances. The residue from the petroleum extract weighed 0-3094 g. and 
represented 16-37 % of the original material. It was dissolved in alcohol, 
the fatty acids neutralised with sodium hydroxide and the alcoholic solution 
diluted with water until it contained about 50 % alcohol. The fat and un- 
saponifiable matter were then extracted by light petroleum and weighed. 
0-0561 g. was obtained, which is equal to 5-52 % of the original material. 
From the alcoholic solution of the soaps the fatty acids were recovered and 
their iodine value determined. 0-2233 g. absorbed 0-1022 g. I; iodine value, 
45-8. That part of the ether extract which was insoluble in light petroleum 
was easily soluble in alcohol and was therefore added to the next extract, 
which was obtained by continuing the extraction in the Soxhlet apparatus 
with alcohol. The total alcohol-soluble substance thus obtained weighed 
1-37 g. and represented 72-5 % of the original material. Its further examina- 
tion is described later. The residue from the enterolith which was insoluble 
in alcohol or ether weighed 0-16 g., and formed therefore 8-4 % of the whole. 
It gave the usual colour reactions for proteins and on extracting with boiling 
water a solution was obtained which gave a good reaction for starch. On 
extracting some of the material with acid alcohol and applying Cole’s modifi- 
cation of Huppert’s test a strongly positive reaction for bile pigments was 
obtained. This residue therefore consisted of food debris mixed with bile 
pigment. 

Alcohol Extract. As indicated above, this formed the main portion of the 
enterolith. It was insoluble in water, easily soluble in hot alcohol and 
moderately soluble in hot acetone. It crystallised easily from hot aqueous 
alcohol (75 %), and after recrystallisation melted at 185°-186° (corr.). It was 
decolorised by boiling with charcoal and by further recrystallisation was 
obtained in colourless rosettes of prisms melting at 186-5°-187-5°. This 
melting point did not change on further recrystallisation. The substance did 
not contain nitrogen, it was an acid, since it dissolved easily in aqueous 
alkali and it gave Pettenkofer’s reaction for bile salts. It was therefore 
suspected to be an unconjugated bile acid. Further investigation confirmed 
this view and it was identified as choleic acid. The melting point of choleic 
acid is usually given as 185°-187° [Schryver, 1912; Fischer and Meyer, 1911; 
Wieland and Sorge, 1916], whereas that found in the present instance was 
slightly higher and more sharp. To confirm the identity of the acid a mixed 
melting point was determined. Dr Schryver kindly furnished me with a 
specimen of choleic acid prepared by him from ox bile and a portion of this, 
after recrystallisation until its M.p. was constant, was mixed with an equal 
amount of the acid from the enterolith. The two were fused, the mass ground 
up and the m.P. of the mixture determined. It was 186°-187°. The two acids 
were therefore identical. 

The optical activity was determined in a 2-316 % solution in absolute 
alcohol. Length of tube 1 dem., temp. 20°, rotation observed + 1-17° hence 
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[a] = + 50-52°. The values previously recorded for choleic acid are slightly 


lower than this, the highest being + 48-72°. 
On combustion the following results were obtained: 


Found Cale. for C,H 4,0, Cale. for C.,H4.0, 
C 72-92, 73-28 13°47 73°10 
H_ 10-53, 10-78 10-20 10-66 


Fischer and Meyer [1911] give C,,H,,0, as the formula for choleic acid 
but the analytical figures obtained in this case agree better with the formula 
Co4H4.0, as also do those of Fischer and Meyer. 

The molecular weight was determined by titration with N/10 NaOH, the 
acid being dissolved in neutral alcohol, and was found to be 384-9. Calculated 
for Cy4H4.O,, 394. 

According to Wieland choleic acid is a compound of eight molecules of 
desoxycholic acid and one molecule of a higher fatty acid. The figures obtained 
in the combustion analysis are not incompatible with this view except that 
the carbon figure is somewhat low, neither is the value obtained for the 

| specific rotation. 

The acid was tasteless like that isolated from ox gall stones by Fischer 
and Meyer. It was also observed that the choleic acid sent by Dr Schryver, 
when quite pure was also tasteless. Some observers have described choleic 
acid as having a bitter taste but small traces of cholic acid might have been 
responsible for this. 

There appears to be no doubt that the acid from the enterolith was 
choleic acid. Being unassociated with other bile acids in any considerable 
quantity it was easily purified and probably on this account had a slightly 
higher melting point and specific rotation than other workers have observed. 

After the choleic acid had been crystallised out, an examination of the 
mother liquors was made in order to determine whether desoxycholic acid 
was present. On evaporation of the mother liquor and crystallisation of the 
residue from glacial acetic acid a very small amount of an acid, m.p. 139-5°- 
142-5°, was obtained. Desoxycholic acid melts at 145° and according to 
Wieland and Sorge [1916] choleic acid when heated with glacial acetic acid 
forms a compound melting at 144°-146°; it was not possible therefore with 
the small amount of acid obtained to establish its identity. 

It may be concluded therefore that the enterolith had the following 


composition : 
Fatty acids iis 10-85 9 
Neutral fat and wiipuaialite slimline cat 5-52 ,, 
Unconjugated bile acids — wholly choleic acid) 72°55 
Food residues 8-4 


It was found later that the insite wn: of getting the choleic acid 
from the calculus was to extract the latter with acetone in a Soxhlet apparatus. 
The acetone extract, after removal of the acetone, was boiled with light 
petroleum to remove fatty acids and fat. There was then left behind a residue. 
4—2 
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insoluble in light petroleum, consisting largely of the bile acid. This was found 
to be practically pure after a single crystallisation from aqueous alcohol. 

I believe this is the first recorded instance of the occurrence of an in- 
testinal calculus composed largely of one of the unconjugated bile acids. 
Choleic acid has been detected in ox gall stones by Fischer and Meyer, but, 
so far as I am aware, it has not been found in the ordinary cholesterol stones 
of man. There is no evidence in the present case that the enterolith originated 
in the gall bladder. Although cholesterol was not definitely isolated from it 
the amount present must have been very small since the unsaponifiable 
matter soluble in light petroleum was only 5 %. Further, the bile acid found 
was unconjugated and had probably arisen from the conjugated acid by 
bacterial action in the small intestine. Since cholic, choleic and desoxycholic 
acids are all relatively insoluble in water it is difficult to understand how 
preferential deposition of one of these acids rather than the other two should 
take place unless it be assumed that the acid found was the only one being 
formed by the liver. The existing analyses of human bile from various indi- 
viduals do not furnish any ground for such an assumpticn and it certainly 
seems very improbable. What appears more likely in the present case is that 
glycocholeic acid, which is more insoluble than glycocholic acid, was deposited 
in the first instance and subsequently decomposed by bacteria giving rise 
to choleic acid. 

Cases of intestinal obstruction due to gall stones which have ulcerated 
through the gall bladder into the small intestine are well known. It seems 
possible however, as pointed out by Phillips [1921], that some of the cases 
of intestinal obstruction supposedly due to gall stones may be due to deposits 
of choleic acid similar to that described in this paper. In appearance, such 
deposits are not unlike gall stones. 
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In a group of papers, Ramsden and Lipkin [1918], Ramsden, Lipkin and 
Whitley [1918] and Lipkin [1919] have described the chemical assay by a 
nephelometric method of traces of quinine when present in tissues and body 
fluids. The method consists essentially in matching the turbidity produced 
in the quinine solution of unknown strength by the addition of Tanret’s 
reagent (potassium mercuric iodide) with the turbidity produced in a series 
of standard solutions. The sensitiveness of the test is enhanced by producing 
the turbidity in saturated ammonium sulphate solutions, preliminary trial 
having indicated the dilution necessary to bring the solution of unknown 
strength within the range of the standard solutions, usually between 1 in 
200,000 and 1 in 300,000. 

One of us [Acton, 1920] having found other cinchona alkaloids of great 
value clinically in the treatment of malaria, it was thought that some light 
might be thrown on the mode of action of quinine in malaria by the inter- 
pretation of the results obtained by using the afore-mentioned method for 
determining the relative distribution of the various cinchona alkaloids in the 
body. 

That results of practical significance might be obtained by such an in- 
vestigation seemed to be suggested not only by Ramsden and Lipkin’s results 
but more particularly by the recent work of Morgenroth [1918], who has 
based an ingenious theory of the action of quinine, on the distribution of this 
alkaloid and of the closely related alkaloid optoquine (ethylhydrocupreine) 
between the corpuscles and plasma as determined by himself by physiological 
methods—production of anaesthesia in the rabbit’s cornea and inhibition of 
the growth of bacteria. According to Morgenroth’s determinations by these 
methods quinine and the related alkaloids, when added to blood, accumulate 
in or on the red corpuscles, the serum or plasma retaining only a low pro- 
portion. 

This statement of Morgenroth is in pronounced disagreement with the 
various determinations of the distribution of quinine in blood which have 
been made by chemical methods. Hartmann and Zila [1918] found a distri- 
bution between plasma and corpuscles in the ratio of 8 to 5. Halberkann 
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[1919], using larger quantities of quinine, found 35 to 48 %, and in one case 
as much as 54 % in the corpuscles; but neither of these observers showed a 
predominance in the corpuscles such as that suggested by Morgenroth’s 
results. Even more definitely in disagreement with Morgenroth’s findings 
were those of Ramsden, Lipkin and Whitley, who found a distribution between 
serum and corpuscles in favour of the serum in the proportion of from 3 : 1 
to 2:1. More recent determinations by Lipkin [Ramsden, 1920] have again 
shown a proportion of 3 : 1 in favour of the serum. 

It seemed desirable to make an effort to clear up this discrepancy as 
regards quinine and to apply to a study of the distribution. of the other 
cinchona alkaloids methods found to give good results with quinine. The 
method described by Ramsden and Lipkin seemed to be the best adapted to 
our purpose, since in the hands of its authors, it appeared to have made 
possible the estimation of very small quantities of quinine with an error of 
not more than 5%. We met with unexpected difficulties in the application 
of the method, and, after months of effort, we were forced to the conclusion 
that a strict adherence to the written description of the method would not 
give us results to which we could attach any quantitative significance. That 
description seems to us to err in greatly underestimating the difficulty of 
extracting quinine from blood: with the volume of fluid and amount of 
extraction which it indicates we could never recover more than 30 to 40 % 
of the quinine which we added to samples of blood from a number of different 
species. We found in it, further, no adequate indication of the extreme care 
which is necessary to avoid the contamination of the extracted quinine with 
traces of other substances, which affect the turbidity with Tanret’s reagent 
upon which the final determination depends. By increasing the volume of 
fluid used in extracting the blood coagulum, and introducing as the result 
of experience various additional precautions against contamination, we have 
succeeded in obtaining in clean condition practically constant proportions 
of the quinine added to samples of blood, corpuscles, plasma or serum. With 
due allowance for the proportion of quinine which, in each case, is, in our 
experience, irrecoverable by any amount of extraction, a fairly accurate 
estimate of distribution can be obtained and the rate of absorption and dis- 
appearance of quinine from the circulating blood can be followed. Under such 
conditions it may be possible to obtain comparative figures of moderate 
accuracy with the other alkaloids. Our purpose here is to indicate the modifi- 
cations of the Ramsden and Lipkin technique which we have found it necessary 
to adopt, and the conclusions as regards the distribution of quinine in blood 
to which we have been led. 


EXPERIMENTAL DETAILS. 
Standard Reagents. 


1. Aqueous quinine solution made by dissolving 0-25 g. of anhydrous 
quinine base in water containing 7-71 cc. of N/10 sulphuric acid (one equi- 
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valent) plus 0-77 cc. of acid to facilitate solution, and diluting to 250 ce. 
1 ce. of final solution contains 1 mg. of quinine base. 

2. 1 in 100,000 quinine in ammonium sulphate solution, made by adding 
5 ec. of solution 1 to a saturated solution of pure recrystallised ammonium 
sulphate and diluting to 500 cc. with the same saturated solution. 

Solutions 1 and 2 were kept in the dark as there is a marked deterioration 
of quinine content of 2 on prolonged exposure to sunlight. 

3. 0-6 % sulphuric acid solution of saturated ammonium sulphate made by 
adding 12 g. of sulphuric acid to a saturated solution of pure recrystallised 
ammonium sulphate and diluting with the same saturated solution to 2000 cc. 

The ammonium sulphate used throughout the results recorded below was 
an unusually pure sample containing only the faintest trace of chloride. We 
find that commercial ammonium sulphate “recryst” is pure enough for the 
solutions recorded here, after removal of adventitious matter by filtration. 

4. Pure ether, free from aldehydes prepared as described by Ramsden and 
Lipkin. 

5. Pure ammonia solution prepared by distilling 0-880 ammonia through 
an all glass apparatus and collecting the gas in distilled water at 0°. This 
precaution is essential owing to the solvent action of strong ammonia on 
organic matter, grease, etc. and a separation, moreover, is effected from less 
volatile tar-bases present in traces in commercial ammonia which might affect 
the subsequent estimation of quinine. 


Method of estimating Quinine in Blood. 


This is based on the Ramsden Lipkin process with important modifications 
which will appear in the sequel. 

5 cc. of fresh defibrinated blood were added to 1/20 mg. of quinine in a 
beaker, well stirred and then laked with about 5 cc. of distilled water. 20 cc. 
of saturated ammonium sulphate solution containing 0-6 % of sulphuric 
acid were added and 5 g. of solid pure recrystallised ammonium sulphate. The 
solution was brought to the boil over a free flame, after a preliminary coagula- 
tion of the contents on a boiling water-bath, with constant rotation of the 
contents and filtered through a Gooch crucible packed with a layer of asbestos, 
covered with a porcelain filter disc and over the latter a filter paper so as to 
prevent the coagulum passing into the asbestos. The entire coagulum on the 
filter paper was returned to the beaker, treated with a second 20 cc. of acidified 
ammonium sulphate solution, disintegrated and the solution again brought 
to the boil and filtered as before, the coagulum being in each case well pressed 
down. The same process was repeated ten times in all, the entire coagulum 
being each time returned to the beaker. The combined filtrate, about 200 cc., 
was transferred to a well-stoppered 250 cc. measuring cylinder, and 10cc. of pure 
ammonia solution added, followed by 20 cc. of pure ether. On shaking with 
further successive quantities of 15, 15 and 10 cc. of ether, practically the whole 
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of the quinine present passed into the ether, which was in each case pipetted 
off by means of a 1 cc. pipette fitted with a rubber teat, and transferred to a 
boiling tube dipping into a gently boiling water-bath. When every trace of 
ether had boiled away the quinine was left as a clear colourless varnish which 
was dissolved in 10 cc. of pure saturated ammonium sulphate solution by 
just bringing to the boil. The solution was rapidly cooled in water and 5 cc. 
transferred to one of a series of standard tubes, the remainder of which 
contained 5 cc. each of various standard solutions of quinine made by mixing 
the requisite quantities of 1 in 100,000 quinine in saturated ammonium 
sulphate solution with saturated ammonium sulphate solution. 0-05 cc. of 
Tanret’s reagent was rapidly added to each and the contents mixed. The 
whole series of tubes was transferred simultaneously to a boiling brine-bath 
for a few minutes and then rapidly cooled in running water. By comparing 
the turbidities in uniform daylight (not direct sunlight) against a dark back- 
ground, the standard solutions differing in strength by as little as 7 % can be 
invariably placed in the correct sequence of strengths and the solution of 
unknown strength is also placed without difficulty and is qualitatively in- 
distinguishable from the standards. We have tried the Ramsden nephelo- 
meter but in our opinion it fails to offer any advantage over direct observation 
in daylight. 

The points of importance!, which Ramsden and co-workers have not laid 
stress on, are that the most scrupulous care must be exercised throughout the 
experiment so as to ensure complete freedom from all traces of grease of all 
surfaces with which the solutions, whose turbidities are going to be compared, 
come in contact. The standard tubes cannot even be washed out with organic 
solvents to accelerate drying, but must be washed with several changes of 
distilled water and then dried by draining or by blowing out in a current of 
warm air. 

Mere contact of the final solutions with the fingers is sufficient to vitiate 
the results and in addition there is the importance of the use of pure ammonia 
referred to above. Failure to take these precautions causes the turbidities to 
be qualitatively abnormal and renders quantitative estimation impossible. 


Results with the Method. 


Using the method as just described the following table shows to what 
extent quinine can be extracted from blood or its constituents. 


Quinine Quinine 
Treatment Volume added recovered Mean 
ee. mg. % % 
Serum 5 0-05 (a) 84, (b) 84 84 
Corpuscles Laked 5 0-05 (a) 77, (b) 69 73 
Whole blood Not laked 5 0-05 (a) 62, (b) 69 65 
Whole blood Not laked 5 0-05 71 -- 
(15 boilings) 
Whole blood _— Laked 5 0-05 (a) 74,(b) 74 74 


1 Professor Ramsden informs us that, with the exception of the dangers arising from im- 
purities in the ammonia, they were themselves well aware of them. 
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It is evident that laking the blood materially assists the extraction of 
quinine and that recovery from corpuscles is more difficult than from serum. 

The effect of increasing the number of changes of boiling fluid and of 
increasing the volume of the fluid is shown by the following table, 5 ce. of 
freshly defibrinated goat’s blood being used in each case and the quinine 
added dissolved in saturated ammonium sulphate solution. 


No. of No. of changes Total volume Quinine 
boilings of fluid of fluid recovered 
ec. % 
(a) 10 4 50 44 
(d) 10 10 100 69 
(c) 10 10 200 87 


That the chief loss lies in the difficulty of extracting the quinine from the 
coagulum is shown by omitting the blood and adding the quinine to the 
acidified ammonium sulphate, making alkaline and extracting as described 
for the remainder of the process. A duplicate estimation was made giving 
the same result in both. Out of 0-05 mg. added to 200 cc. of acidified saturated 
ammonium sulphate solution, the quantity recovered lay between 0-05 mg. 
and 0-045 mg. As an approximation we put it at 95 % recovery. 

The substitution of 0-6 % sulphuric acid by weight by 2 % sulphuric acid 
by volume, or the substitution of saturated ammonium sulphate by 30% 
ammonium sulphate in the boiling fluid’, made no difference to the amount 
of quinine extracted, as is shown by a comparison of the following table with 
the first table. 


Quinine Quinine 
Volume H,SO, (NH,).SO, added recovered 
ec. % % mg. % 
Blood 5 2 30 0-05 66 
Serum 5 2 Saturated 0-05 80 
Corpuscles 5 2 Saturated 0-05 67 and 70 


Distribution of Quinine between Serum and Corpuscles. 
The distribution of quinine as found by us is shown by the following: 


1. 0-10 mg. of quinine was added to 10cc. of fresh defibrinated goat’s 
blood of which the serum-corpuscle ratio as determined in duplicate was 
65/35 by volume. 


Quinine found in total serum 0-045 mg. 
Quinine found in laked corpuscles 0-027 mg. 
Quinine recovered 0-072 mg. 


whence it can be calculated that for equal volumes of the two fluids 
Quinine in corpuscles 53 
Quinine in serum 47" 
2. 0-10 mg. of quinine was added to 17 cc. of fresh defibrinated sheep’s 
blood of which the serum-corpuscle volume ratio had been artificially adjusted 
by removal of serum at 50/50. 


1 These modifications were suggested to us by Professor Ramsden as being more expeditious. 
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Quinine found in total serum 0-041 mg. 
Quinine found in laked corpuscles 0-035 mg. 
Quinine recovered 0-076 mg. 


Quinine in corpuscles 46 


whence —, 
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Quinine in serum 


3. 0-17 mg. of quinine was added to 14 cc. of fresh defibrinated goat’s 
blood of which the serum-corpuscle volume ratio had been artificially adjusted 
by removal of serum at 50/50. 


Quinine found in total serum 0-047 mg. 
Quinine found in laked corpuscles 0-043 mg. 
Quinine recovered 0-090 mg. 


Quinine in corpuscles 48 
2 «52 


whence pesesseonee genie 
Quinine in serum 
Bearing in mind the greater difficulty of extracting quinine from laked 
corpuscles than from serum, and the impossibility of completely removing 
serum from corpuscles, these three experiments point to an approximately 
uniform concentration of quinine in corpuscles and serum. 


Quinine and Hydroquinine Content of Human Blood. 


One of us took 1 g. of quinine base and on another occasion 1 g. of hydro- 
quinine base (both as bisulphate in aqueous solution) by mouth at 10 a.m. 
5 ec. of blood were removed at hourly intervals and the quinine or hydro- 
quinine content estimated. Previous experience with laked blood has shown 
that as a rule about three-quarters only of the alkaloid can be estimated. 
By calculating on the basis of a 75 % recovery of quinine from blood the 
following concentrations of quinine and hydroquinine were found, and if the 
total volume of blood be put at 5 litres, the percentage of the quinine taken 
orally which is subsequently found in the blood is determined. 


Concentration 


Interval after of quinine Amount in % of dose 
administration in blood blood taken 
hours mg. 
] 1 in 150,000 33 3°3 
2 1 in 187,000 27 2-7 
3 1 in 225,000 22 2-2 


For Hydroquinine. 
1 1 in 250,000 20 2-0 
3 1 in 280,000 18 1-8 


As a point of interest it can readily be shown by calculating from these 
figures that at the end of one hour the number of molecules of quinine per 
corpuscle is about 20 millions. 
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The concentrations reached in the blood after oral administration of 
smaller doses of quinine are shown in the following table: 


Concentration Concentration 
Dose after 1 hour after 2 hours 
0-5 g. 1 in 375,000 1 in 500,000 
0-25 Below 1 in 375,000 Below 1 in 750,000 


As a practical method for estimating traces of quinine in blood we cannot 
recommend the process. Apart from the non-quantitative recovery of the 
quinine, a single complete estimation takes three to four hours, the scrupulous 
care required to be exercised over this period involving a considerable strain 
on the operator. 

In conclusion our results show that neither the preponderance of quinine 
in corpuscles as maintained by Morgenroth nor the preponderance in plasma 
as held by Ramsden and Lipkin can be correct. On the contrary, like other 
observers, we find approximately equal or uniform distribution of quinine 
between corpuscles and serum. On such evidence it is clearly undesirable 
to found any theory of the mode of action of quinine in malaria, such as that 
propounded by Morgenroth. 
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In spite of the importance of this subject, very little is known up to the 
present about the nitrogenous metabolism of the higher plants. This is due, 
to a great extent, to the extraordinary difficulty in the chemical technique. 
A large number of metabolic processes are continually taking place within 
the leaves, and many different substances must be present at the same time, 
for the separation of which no well-defined chemical methods have been 
evolved. The first object of these investigations was the elaboration of 
methods by means of which the chief nitrogenous constituents of the leaves 
could be isolated and identified. 

The work was commenced in 1916 by one of the present authors (8S. B. 8.) 
in collaboration with Miss Laura M. Saunders, but had to be abandoned after 
a few months work owing to the pressure of other duties. Certain work of 
a preliminary nature was however brought to a conclusion, and the results 
obtained by Miss Saunders were utilised when the work was resumed by the 
present authors at the beginning of 1920. 

The first subjects chosen for investigation were cabbages, not because 
they are ideal for the purpose, but because they could be readily obtained 
in quantity in London almost throughout the year. The experiments were 
directed, in the first instance, towards the discovery of a method by means 
of which the maximum amount of nitrogenous material could be removed 
from the leaves in the form either of true or colloidal solution. They were 
treated with water containing various cytolytic agents, and the effect of each 
was quantitatively investigated. An account of the results obtained is given 
in the following [see Chibnall and Schryver, 1920]. The most satisfactory agent 
was ether, and water saturated with ether was found to remove not far short 
of twice the amount of nitrogen which was dissolved out by water alone. 
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By treating minced leaves for a short period with water saturated with 
ether (five parts of leaves to four parts of the ether-water) and then sub- 
jecting the mixture enveloped in filter cloth to pressure in a tincture press, 
a green opalescent fluid was obtained, from which no particles separated on 
pouring through a folded filter-paper. This fluid however deposited a floc- 
culent precipitate on keeping, very slowly in cold weather, but more readily 
in summer. On warming gently (to about 40°) a dense flocculent precipitate 
was formed almost immediately, which was found to consist chiefly of complex 
nitrogenous compounds. A method was hereby revealed for preparing in 
mass the proteins of the leaves, which has not been hitherto described. Only 
when a relatively large quantity of material was in hand appeared a paper 
[Osborne and Wakeman, 1920], in which a method of preparing proteins from 
spinach was described, and this must therefore be regarded as the first record 
of the preparation in mass of the proteins of the leaves. The method em- 
ployed differs in certain important particulars from that described by the 
authors of the present paper, who, by applying their process to spinach, 
have obtained results not altogether in agreement with those of the American 
authors—the most notable difference being that of the nitrogen content of the 
products isolated. 

The results obtained with cabbage leaves pointed to the possibility of 
obtaining a general method for isolating in mass a part, at any rate, of the 
proteins of leaves, and the more detailed examination of the simpler nitro- 
genous substances in the cabbage was relinquished for the moment, in order 
to ascertain whether the method for preparing proteins, as outlined above, 
was of general application to all leaves. In the meantime the investigation 
of the simpler nitrogenous products of the leaves has been undertaken by 
Mr H. W. Buston and Mr A. E. D. Burdett, some of whose results are utilised 
in the present paper. 

The method of extracting the proteins by means of ether-water has been 
applied, in addition to the cabbage, to the leaves of Virginia creeper, grass, 
scarlet runners and spinach. 

In the case of Virginia creeper, the leaves of which were collected just as 
they were about to change colour, and when active metabolism was appar- 
ently finished, no appreciable amount of protein was obtained. From the 
grass, proteins were separated, but they were obtained only in small quantities, 
and considerably contaminated with starch. From the leaves of the scarlet 
runner and spinach, on the other hand, proteins were obtained in fairly 
considerable quantities. Samples were prepared from two pickings of the 
former leaves, the earlier when the pods were in active process of formation, 
and the latter when they were fully formed, and when the general metabolism 
of the plant was on the down grade. The leaves of the earlier picking yielded 
a fair quantity of protein, the ether-water extract of the plant being con- 
verted into a semi-solid mass on warming, whereas those of the later picking 
gave a very much smaller yield. These results indicate that the proteins, 
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which can be isolated by means of ether-water, are obtained in the largest 
quantity when the plant is in an active state of metabolism, and the amount 
is likely to have some considerable physiological significance, and to represent 
the proteins which are in process of active translocation. 

By means of ether-water a little less than two-thirds of the total nitrogen 
in the leaves has been removed. An examination of the residual nitrogen has 
not yet been made, but it forms part of the programme of subsequent research. 

As already indicated, the main object of the present communication has 
been to give a general account of the method for isolating the proteins of 
plants, and none of the products obtained has as yet been subjected to ex- 
haustive examination. It is not possible therefore at the present moment 
to give anything more than a very superficial account of their properties. 
Work is, however, proceeding on the 150g. of the crude cabbage product 
prepared earlier in the year. 

The proteins isolated appear to have a nitrogen content in the neighbour- 
hood of 13 %, and that isolated from the cabbage has distinct acidic pro- 
perties, dissolving in weak alkalis, and being precipitable from this solution 
by acids; this precipitate does not redissolve on addition of excess of acid. 

When the general character of the proteins is considered, it will be seen 
that theoretically there can exist either distinctly alkaline or distinctly acid 
products, in addition to those that have the iso-electric point only slightly 
on either side of neutrality. The alkaline proteins should yield on hydrolysis 
preponderating amounts of di-amino-acids. The protamines, isolated from 
fish sperm, belong to this class. Acid proteins on the other hand should yield 
on hydrolysis large amounts of dicarboxylic acids (glutamic and aspartic 
acids). Proteins of this class have, so far, not been described. The plant 
globulins, however, on hydrolysis yield large amounts of dicarboxylic acids, 
but they are not distinctly acidic in character in that they also yield large 
amounts of ammonia, corresponding roughly to the excess of the carboxyl 
groups over the amino groups in the molecule. This indicates that these 
proteins have been isolated in the form of amides. Now it is worthy of note 
that the protein of cabbage which has been isolated is acidic in properties, 
and yields on hydrolysis an amount of ammonia (amino-nitrogen) corre- 
sponding to 5 % of the total nitrogen, which is distinctly below that of the 
other plant proteins. These results indicate that acidic proteins exist in the 
leaves, which, when they pass into the resting stage in the seed, undergo 
amidisation. Such proteins should contain a relatively small amount of 
nitrogen. Whether the low percentage found in the samples described in 
this paper is due to this cause or whether they are conjugated with some 
nitrogen-poor prosthetic group can only be determined by subsequent research. 

There exists in the leaves an appreciable amount of ammonium salts, and 
the study of the equilibrium of these, the amino-acids, and the proteins, should 
throw considerable light on the nitrogenous metabolism of the plants. 

The proteins from scarlet runner leaves yield an appreciably higher number 
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for the amide nitrogen than the cabbage protein. It is conceivable that the 
leaf proteins can exist more or less completely amidised in different stages 
of the development of the plants, and it is hoped that at an appropriate 
season opportunity will be offered for investigating this point. It may account 
for the difference in the properties of the proteins already isolated by the 
ether-water method. In the meanwhile, material obtained during the summer 
months is under examination, and the results will, it is hoped, form the 
subject of a later communication. 

The rather full analytical details given for the cabbage are quoted as an 
illustration of the methods employed rather than as accurate totals, which 
must of necessity be incomplete until the nitrogen in the residue has been 
more fully investigated. 


EXPERIMENTAL. 


Preliminary experiments on cabbage leaves. 


A preliminary series of experiments was made in 1916 by Miss Laura M. 
Saunders under the direction of one of the present authors (S. B. §.). The 
soft parts of the cabbage were minced, and treated with various solvents, 
as enumerated below, and the total nitrogen thereby passing into solution 
was estimated by Kjeldahl’s method. Table I gives the results obtained. In 
each case the solvent was allowed to act for several hours, and the liquid 
afterwards expressed through muslin in a tincture press. 


Table I. Showing the effect of various cytolysing agents. 


Weight of cabbage used, 200 g. 
Weight of N 


Solvent extracted in g. 
Water saturated with ether ae ace ae 0-38 
Water saturated with chloroform ae x 0-335 
M/2 benzoate of sodium ... was oe aaa 0-259 
Water containing 20 g. chloral hydrate per litre 0-304 
Distilled water... S26 i ie jae 0-220 


This indicated that ether-water was the most efficient agent, whilst further 
experiment showed that the proportion of five parts by weight of minced 
cabbage to four of the ether-water was ample, also that 20 minutes was 
sufficient time to leave the mixture before pressing. 

The investigation of the liquid extract was taken up by the present authors 
in January 1920. A dozen cabbages, purchased in the ordinary market, 
were taken, the hard ribs and heart removed, and the remainder minced in 
a mechanical mincer, using a fairly coarse cutting plate. Very little, if any, 
liquid was expressed during this operation, but the leaves were well torn up 
and lacerated so as to expose a large surface to the cytolysing agent. They 
were then mixed with ether-water in the proportions stated above (five by 
weight of cabbage to four of the water), and after standing for 20 minutes 
the fluid was expressed through thick muslin in a tincture press. It was 
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green in colour, opalescent, and filtered slowly, but without leaving a residue, 
through filter paper at the pump. Attempts were next made to concentrate 
it under reduced pressure at 40°. It was found however that a green solid 
separated with rise of temperature, causing such violent frothing that the 
operation had to be suspended. This indicated that the liquid as it came from 
the press contained some substance in colloidal solution, and attempts were 
made to cause this to flocculate before concentration. Standing for several 
days, either alone, or with the usual flocculating salts, did not bring about 
the desired effect (the room temperature was about 13°; this will probably 
account for the difference observed in June, when the room temperature was 
25°), whereas warming on a water-bath at the ordinary pressure to 40° caused 
the immediate formation of a thick precipitate, which settled at once on 
cooling, leaving a clear solution that could be concentrated quietly without 
trouble. This gave a method of obtaining the products of the extraction in 
a concentrated form suitable for storing, and 135 cabbages were forthwith 
so treated. Each batch of about 12 was extracted twice with the ether-water, 
the second extract from one batch being used as the first in the next, and so on. 
In all 70 kilos of minced material were treated, and the resultant clear liquid 
concentrated to about 10 litres after separation of the colloid. 

The green colloidal precipitate. This was washed twice with two litres of 
95 % alcohol, then with two litres of 0-730 ether and finally allowed to dry 
in the open air. (The alcoholic washings on evaporating to dryness and 
purifying by extraction with warm water gave a dark ccloured oil consisting 
almost entirely of chlorophyll. The ether washings likewise consisted chiefly 
of pigment, giving a solid on evaporation.) On rubbing lightly through a 
0-1 mm. sieve, 290 g. of a fine olive-green powder were obtained. The fine 
powder was then exhaustively extracted with ether in a Soxhlet, and the 
resultant product, of a dull green colour, weighed 165 g. It contained 11 % 
of moisture, and the dry material 10-6 % N and 0-255 % P. The extract 
from the Soxhlet consisted of fats and lipoids with a small amount of green 
colouring matter. 

The high nitrogen content of this precipitate showed that a large pro- 
portion of it was apparently protein. Water extracted a small amount of 
non-nitrogenous matter, leaving a residue which now contained 11 % of 
nitrogen. The only solvent found for it was aqueous caustic soda, which first 
gelatinised, and then slowly dissolved a little more than half of it. The 
strength of the soda used was 0-3 %, and three extractions were made. The 
residue was centrifuged off, washed with graded strengths of alcohol, then 
ether, and dried in an oven at 108°. It contained 8-85 % of nitrogen. The 
alkaline solution remained clear on exact neutralisation, but gave an im- 
mediate precipitate on being made slightly acid. This was centrifuged off, 
washed with graded strengths of alcohol, then ether, and dried in the air. 
It contained 11 % of nitrogen. On redissolving in soda an appreciable amount 
was found to be insoluble. After this had been centrifuged off the clear liquid 
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was again made acid, and the resultant precipitate was found to contain 
12:8 % N and a trace only of phosphorus. It was now completely soluble 
in soda, and could be reprecipitated unchanged. It gave a strong biuret 
reaction and was new in character in that it was insoluble in excess of acid. 
Table II shows the distribution of the nitrogen in this compound, as deter- 
mined by Osborne’s modification of Haussmann’s method. 


Table II. Distribution of nitrogen in the cabbage leaf protein prepared 
in the winter. 


% N. 
Amide nitrogen oo. 5-89 
Humin s,, wane) nee 
Basic s «. 21-95 
Mono-amino nitrogen (by diff.) ... 66-93 


The clear mother liquid. The 10 litres that had been prepared were poured 
into an equal volume of 95 % alcohol, when a copious white precipitate was 
formed, which settled on standing. The supernatant liquid was siphoned off 
and the residue sucked dry at the filter-pump, washed with alcohol, then 
ether, and dried in the air. The clear alcoholic liquid: was again concentrated 
under reduced pressure, and has been stored since under toluene and a little 
chloroform. i 

Mr H. W. Buston is at present at work on the isolation of the individual 
amino-acids in this liquid. He has shown that 9-49 % of the total nitrogen 
is in the form of ammonium salt, and after the removal of this, 25-1 °% in the 
form of amino-nitrogen. Also that 20 °%/ of the total nitrogen is precipitated 
by means of lead salts. After the removal of this the major part of the residual 
nitrogen is precipitable by phosphotungstic acid. 

The alcoholic precipitate weighed 300 g., and was white when dry. On 
analysis it gave 6-5 %, of moisture, and the dry substance 1-90 % of nitrogen 
and 1-64 % of phosphorus. 

Part of it was extremely soluble in water, and could be purified by re- 
peated reprecipitation in 80 % alcohol. Nothing further has been done to 
identify this substance. Several grams of it have been prepared, which give 
a colourless solution in water. A similar sample prepared by Miss Saunders 
in 1916 gave the following analysis: Ca, 24%; SO,, 18%; P, 1%. It 
probably contains free calcium sulphate. 

_ Of the residue insoluble in water, part was soluble in 5 % acetic acid. It 

could be precipitated by alcohol, and was purified by repeated solution and 
reprecipitation. It gave an ash weight of 65 %, and the following analysis 
(Saunders): Ca, 22-5 %; P, 11:7%; C, 12:2%; H, 235%. No nitrogen 
and a trace of halogen. Molisch’s test was positive on standing. It is 
probably some conjugated calcium or calcium-magnesium phosphate, but 
does not appear to be phytin in that it is not precipitated from acetic acid 
solution by boiling. The material will be investigated later. 
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ANALYSIS OF THE PROTEIN OF THE CABBAGE EXTRACT. 


Having made this brief survey of the various products that had thus 
been prepared, it was decided that, for the present, attention should be given 
to the substance that obviously contained much protein. To obtain accurate 
data as to its percentage weight in the cabbage, and the proportion of the 
total nitrogen that it contained, a quantitative analysis was made of another 
sample of six cabbages, purchased early in June. These were a little different 
from those used earlier in the year. They were smaller; both the inner and 
outer leaves appeared to contain more green colouring matter; and the area 
of small yellow leaves, growing around the heart, was much less. 

As before, the heart and thick fibrous stems were removed, and the 
remainder minced. The weight of the minced material was 1877 g., and of 
this 297 g. (leaving 1580 g.) were placed in an oven heated to 108° for the 
purpose of obtaining the dry weight and the total nitrogen. From these data 
it was estimated that the 1580 g. used for the experiment contained 157-7 g. 
of solid matter; 6-18 g. N;.and 25-4 g. of ash. 

This 1580 g. was then thoroughly mixed with 1200 cc. of ether-water, 
allowed to stand for 20 minutes, and then pressed out through thick muslin 
in the tincture press. The total volume of the extract was 2440cc. The 
residue, removed from the filter-cloth, was again passed through the mincer, 
and then mixed with another 1000 cc. of the ether-water, allowed to stand for 
20 minutes, and pressed out. The volume of this extract was 965 cc. The 
residue was then again removed from the filter-cloth, crumbled up by rubbing 
between the hands, and treated successively with another 1000 cc. of the 
ether-water three times, the volumes of the extracts being 935, 940 and 940 ce. 
respectively. 

The final residue, after the fifth pressing, was dried in an air oven at 
108°. It weighed 67-5 g. and contained 2-32 g. N. 

The nitrogen in the several extracts was also determined, the results being 
given in Table III. It will be observed that the first extract contains 80-9 %, 
and the first with second combined, 90-2 °%, of the extractable nitrogen. 

To test if any of the nitrogen was held back in the pores of the filter-cloth, 
the latter was washed first with water and then three times with 80 °% alcohol. 
A quantity of green colouring matter was removed, but the total nitrogen 
in all the washings was less than 0-05 g. 

The green colloidal precipitate. It was not found necessary to heat the 
extracts so obtained to coagulate the protein material, as the temperature 
at which the experiment was being conducted, 22-25°, was sufficient to cause 
a heavy precipitate to come down during the course of the night, leaving an 
almost clear solution. 

The precipitate from the first extract, called “A” henceforth, was separated 
by decanting and centrifuging, as was also that from the other four solutions 


combined, called henceforth “ B,” 
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Table III. Showing the distribution of N after extracting five times 
with ether-water. 


Total volume Weight of 





or weight N ing. 
lst ether-water extract ... one 2440 ce. 3-066 
2nd 7. o ase seo 965 ,, 0-352 
3rd = - ais tae 935 ,, 0-191 
4th me 9 soa ix 940 ,, , 0-096 
5th ra ~ igs Sie 940 ,, 0-088 
Total extract oes ies is 6180 ,, 3-793 
Dry residue ane aa one 67-5 g. 2-320 
‘otal nitrogen ae a Sel — 6-113 
Taken for experiment (estimated) — 6-18 


Table IV. Showing total solids precipitated by standing 24 hours 
(after washing with alcohol and ether). 


Weight in g. Weight of % 


moisture free N in g. of N 
Precipitate A 3°70 0-452 12-1 
i cae 0-448 0-052 11-9 


Both A and B were washed with 80 % alcohol until all the chlorophyll 
was removed, then three times with 0-730 methylated ether, and left to dry 
at the room temperature. 

Table IV summarises these weights in terms of the total cabbage taken. 

The alcoholic washings of A and B consisted almost entirely of chlorophyll, 
with a certain small amount of the soluble nitrogenous substances carried 
down during the precipitation. The dry weight was 1-05 g., and the nitrogen 
content 0-056 g. 

The ether washings of A and B on evaporation gave an orange-yellow 
grease, weighing 0-18 g. 

The original extracts, after the precipitation of A and B, were still slightly 
cloudy. It was found that raising the temperature to boiling point caused 
another slight coagulation to occur, and a deposit, called henceforth C, to 
settle during the course of the night. After this had been removed by centri- 
fuging, the nitrogen in each solution was again determined. All five were 
then mixed, and an aliquot part evaporated to dryness and heated to 108° 
in an oven. From this it was calculated that the weight of the water-soluble 
material was 73-1 g. 

The coagulate C, the major portion of which was thrown down from the 
first extract, was washed with water, which removed 0-392 g. of material 
containing 0-021 g. N, then with alcohol, which removed a further 0-159 g. 
of material, containing less than 0-01 g. N and finally with ether, being 
allowed to dry off at room temperature. The weight, moisture free, and calcu- 
lated for the total cabbage taken, was 0-608 g., and it contained 0-074 g. N. 

The results of the preceding analyses are summarised in Table V. 
5—? 
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Table V. Showing distribution of nitrogen. 
Weighting. Weight of N 

















mdisture free in g. 
ist clear solution 2-370 
2nd ,, < 731 0-312 
3rd_,, % P ees of solid 0-165 
4th ” ” | matter 0-076 
5th % ” J 0-078 
Precipitate A se aes ssc 3°74 0-452 
*” B es ie ms 0-45 0-054 
Coagulate C ie sie ie 0-68 0-074 
Alcoholic washing of Aand B ... 1-05 0-056 
Ether ie ok 0-18 ? 
Water washing of C en st 0-39 0-021 
Aleoholic washing of C ... a 0-16 ? . 
Residue... Be _ = 67-50 2-32 
Total aa see aa ie 147-25 5-992 
Taken for experiment (estimated) 157-7 6-18 


Examination of precipitates A and B. 


These were mixed and treated with 0-4 % caustic soda. Considerably 
more than half was found to go into solution this time, imparting to it as 
before a deep brown colour. The residue was centrifuged off and treated 
twice again in the same way. The third solution on being made acid gave 
very little precipitate, so it was resolved to treat with hot alcoholic alkali 
according to the method described by Osborne and Wakeman [1920] in their 
paper on spinach leaves, which had come into our hands about this time. 
The first application of 0-3 % potash in 60 % alcohol dissolved about half 
the residue, and gave quite a heavy precipitate on being made acid. A second 
application dissolved practically nothing. The residue, after being thus 
treated, was washed with graded strengths of alcohol, then ether, and dried 
at 108°. It weighed 0-136 g. and contained only 0-003 g. N. 

The aqueous soda extract was made slightly acid, and the heavy pre- 
cipitate allowed to settle. The supernatant liquid was poured off, and the 
remainder centrifuged. The solid was redissolved in the same strength soda. 
It was again precipitated with acid, centrifuged, washed with graded strengths 
of alcohol, then ether, and allowed to dry at the room temperature. The 
dried product weighed, moisture free, 2-247 g. and it contained 12-81 % N, 
and only a trace of phosphorus. 

The residual acid solution, together with the alcoholic washings, was 
found to contain 0-129 g. of nitrogen. 

The alcoholic soda extract was treated in a similar way. The final product 
weighed, moisture free, 0-162 g., and it contained 12-7 % N. The weight of 
nitrogen remaining in this solution and the washings was 0-005 g. Table VI 
shows the complete analysis of the precipitates A and B, calculated for the 
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total weight of cabbage taken. It will be seen that 63-3 % of the total weight 
of A and B is recovered from the aqueous soda solution, and 4-55 °% from the 
alcoholic; in all 67-85 %. Of the total weight going into solution, 70-6 % is 
reprecipitated. 


Table VI. Showing the extraction of precipitates A and B by 


aqueous and alcoholic soda. 
Weight Weight of N 








in g. in g. 
Protein, precipitated from aqueous soda zs si 2-651 0-339 
i - = alcoholic soda ... ioe ont 0-191 0-024 
Non-protein substances, soluble in aqueous soda and acid \ 1-185 f0-139 
- s of alcoholic soda and acid) (by diff.) 0-005 
Insoluble residue 0-161 0-003 
Total eee 4-188 0-516 


Table VII. Showing the distribution of nitrogen in the cabbage leaf 
protein prepared in summer. 


% N 
Amide nitrogen 5-62 
Humin nitrogen 5-15 
Basic nitrogen 21-31 
Mono-amino nitrogen 67-92 


The figure 12-8 for the % N in the final product is in agreement with that 
obtained for the similarly prepared compound from the cabbages purchased 
several months earlier. The internal distribution is also very similar, as will 


be seen from Table VII. 
Table VIII shows the results of the complete analysis. 


Table VIII. Final results of the analysis. 
Weight in g. % weight, Weight of N 














moisture free moisture free in g. %N 
In aqueous solution ... one ees 73-49 46-59 3-02 48-87 
In colloidal suspension in water: 
Protein aes see 2-84 1-80 0-36 5-83 
Non-protein substances ... ats 1-19 0-76 0-13 2-13 
Albumin (? coagulated on boiling) 0-68 0-43 0-07 1-13 
Soluble in alcohol and ether 1-39 0-88 0-07 1-13 
Residue 67-66 42-80 2-32 37-64 
Total eed 147-35 93-26 5-97 96-73 
Taken for analysis (estimated) _.... 157-70 — 6-18 — 
Cut Grass. 


Short lengths of grass, as cut by a lawn-mower, were obtained from the 
Botanical Gardens, Chelsea. After being washed and air dried they were 
minced, with a fine cutter, and treated with ether-water as before. 1420 g. 
of minced material were used, and from experiments on an aliquot part it 
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was estimated that this amount contained 857 g. of solid matter, or 60-4 %, 
and 32-8 g. of nitrogen. 

The amounts of nitrogen expressed in the five ether-water dressings are 
given in Table IX. 


Table IX. Showing the weights of N in the ether-water extracts 
from grass. 
Weight of N 





in g. 
Ist extract ... er 4-79 
. ao <i 2-35 
me a ae 1-36 
— «@ <, “ie 0-79 
— « =< oe 0-66 
Total of 5 extracts 9-95 


The solution from the press was olive-green as in the cabbage, and gave 
no deposit on prolonged centrifuging. Experiments to bring about flocculation 
were then tried. Standing for two days, either unchanged or after warming 
to 60°, failed to bring this about. The only reagents successful were alcohol 
in the proportion of 1 in 4 and mineral acid. 

As the cabbage had given a final product that was precipitated from 
solution by acids, it was resolved to use this method in the present case. It was 
found that the addition of enough sulphuric acid to make the whole N/12 was 
sufficient to give a definite precipitate and leave a clear solution. Acid of this 
strength also would be insufficient to bring about any hydrolysis in the cold. 
The material so obtained was washed with alcohol and ether as before and air 
dried. It contained 6 % N only, but was soluble in 0-3 % aqueous soda from 
which it could be reprecipitated by acid. The product so obtained contained 
8-25 %, N. It failed to give any of the colour reactions for a protein, and as 
the amount obtained was small and we were desirous of investigating other 
leaves before the season became too late, nothing further was done with it. 


ScARLET RUNNER LEAVES. 


These were picked at the end of the first week in September, when the 
beans were still in process of formation. They were cut so as to leave no 
stem, and after being cleansed were minced, using a coarse cutting plate. 
They appeared to undergo very considerable disintegration, the minced product 
being a dark green pulp, containing a large quantity of expressed juice. 

The total weight minced was 1331 g. and of this 110g. were taken for 
dry-weight analysis. From the result of this it was estimated that the 
1221 g. used in the experiment contained 185-8 g. of solids, or 15-2 %, and 
8-21 g. N. 

It was then treated five times successively with ether-water, being re- 
minced before the second application. 1000 cc. were used in each case, and 
the results are given in Table X. 
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Table X. Showing distribution of nitrogen in bean leaves after 
extraction in the ether-water. 








Weight of N 

in g 

Ist extract ... ese ses eee 4:07 
ae ne eae cae 0-75 
a ose re in 0-37 
ae dee ae ose 0-16 
a ees eee ot 0-16 
Total in 5 extracts ua a 5-51 
In the residue, weight 79 g. 2-60 
Total ... 8-11 

Taken for experiments (estimated) 8-21 


In comparison with the cabbage it will be seen that the total nitrogen 
expressed in the first extract is about the same, 7.e. nearly one-half; the 
residue similar, being 42 %, and the total expressed nitrogen greater, being 
68-4 % as compared with 62-4 %. 

All the extracts, especially the first, were deep green and opaque. A sample 
of the latter, on warming to 40°, flocculated into a solid mass, and the main 
bulk was diluted with an equal volume of water before being heated. The 
precipitate, called henceforth D, after washing with alcohol and ether as 
described above had a moisture-free weight of 15-5 g., and contained 10-3 % N. 

The similar product from the second and third extracts, called hence- 
forth E, weighed, moisture free, 2-2 g. and contained 8-5 % N. 

Extracts 4 and 5 failed to flocculate on warming to 40°, but warming to 
60° brought this about. This temperature also caused a second flocculation 
in the first three extracts, and the combined products, called henceforth F, 
after washing as before, weighed, moisture free, 4-7 g. and contained 10-8 % N. 

All the extract solutions were now a clear light brown. The first on boiling 
gave a third small coagulate, but the others remained clear. This coagulate 
weighed 0-52 g., contained 9-1 % N and is probably the impure product from 
some water-soluble albumin. It appeared to be insolublein all common 
solvents. 

Table XI shows the results of the foregoing precipitation after allowance 
has been made for the quantities withdrawn for experiment. 


Table XI. Showing the products obtained by warming the 
ether-water extract of bean leaves. 








Weight in g. %N g.N 

Precipitate D aie 16-5 10-3 1-70 
‘ EK see 2:3 8-5 0-19 

ie F sa 5-0 10-9 0-55 
Coagulate on boiling 0-5 9-1 0-05 
Total weight ... 24:3 — 2-49 


It will be seen from this that 13-1 % of the total dry weight is precipitated 
in the form of a highly nitrogenous body containing 38-4 % of the total 
nitrogen. 
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Examination of Precipitates D, E and F. 


Precipitate D was found to contain starch, and was freed from this by 
repeated washing with water at 60° until the washings gave no reaction with 
iodine solution. The resultant product was found to be almost insoluble in 
cold aqueous soda (0-3 %), but went up readily in alcoholic potash (0-3 % 
in 60 % alcohol) warmed up just to the boil on a water-bath. After centri- 
fuging, it was just made acid with dilute sulphuric acid, when a copious 
precipitate came out, which, unlike the cabbage product, was soluble in 
excess. It was now partially soluble in cold aqueous soda. The remainder 
was taken up again in hot alcoholic potash, and on reprecipitation was found 
to be completely soluble in cold soda. The combined solutions in cold soda 
were centrifuged, yielding a clear liquid, which threw down a heavy white 
precipitate on being made just acid. This was centrifuged off, washed with 
alcohol and ether as before, and dried in the air. The product weighed, 
moisture free, 5-88 g., and contained 13-33 % N, and very small traces of 
phosphorus. It would appear (from its mode of preparation and properties) 
to be of the nature of an alkali albumin. 

Precipitate E was worked up in the same way, starch being first removed. 
As before hot alcoholic potash was required, the product after two washings 
becoming soluble in cold soda. Whilst drying it was accidentally lost by the 
cracking of the beaker, but the yield appeared to be the same as in the other 
two preparations, 7.e. about 40 %. 

Precipitate F contained no starch, which probably accounts for its higher 
percentage of nitrogen. As before hot alcoholic potash was required to dissolve 
it, the product obtained after acidification becoming soluble in cold soda 
after a second washing. Washed and dried the final preparation weighed, 
moisture free, 2-15 g., and contained 13-4 % N. 

The resultant products from D and F are probably the same, for they 
behave in exactly the same way with acids and alkalies, give a strong biuret 
reaction, and contain about 13-5 % N. 

Table XII gives the distribution of the nitrogen in the product from D. 


Table XII. Showing the distribution of nitrogen in the bean leaf protein. 


% N 
Amide nitrogen 9-38 
Humin nitrogen 7-95 
Basic nitrogen 28-66 
Mono-amino nitrogen 54-01 


It will be observed that the amide nitrogen is considerably higher than 
in the case of the cabbage product, possibly accounting for its less acidic 


character. 

The working up of this bean material was not done with quite the same 
care as that bestowed on the cabbage, so that small losses may have been 
entailed. Allowing for this, and calculating the product to be obtained from 
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E as 40 % of its weight, we estimate the total yield of this protein to be 9 g., 
containing 1-12 g. N. Expressed as percentages, 5 % of the dry weight and 
13-8 % of the nitrogen are isolated in the form of a protein. 

Considering that the combined weight of D, E and F was nearly 24 g., 
this yield is very low. A comparison of it with that of the cabbage and 
spinach (Osborne’s figures) is given in Table XIII. 


Table XIII. Showing the different effects of aqueous and hot alcoholic alkali on 
the proteins of the cabbage, bean and spinach leaves. 


% weight recovered 





Bean Spinach 

Cabbage (mean) (Osborne) 
From cold aqueous soda 63-3 — 58-6 
From hot alcoholic potash 4-6 38 13-4 
Total aad 67-9 38 2-0 


These figures are instructive in that they show that a high yield is obtained 
only when the reaction takes place in cold aqueous soda. It seems probable 
therefore that warming with alcoholic potash to the boil brings about a greater 
degree of hydrolysis than we at first suspected, the solution containing 
degradation products that are not precipitated in slight excess of acid. With 
regard to this question of the degree of solubility in cold soda, we have been 
struck by the way in which this property seems to vary in the different 
preparations from the same plant. From the experience gained-in working 
up the various products described in this paper we have come to the conclusion 
that the previous treatment the first precipitate undergoes in its washing 
with alcohol has something to do with it. In one case in particular, in which 
some of the precipitate from spinach was left over the week-end in absolute 
alcohol, we found the resultant product, dried by ether, to be quite insoluble 
in the cold. Possibly strong alcohol has some denaturing effect on the protein 
present. 

SPINACH. 


About a kilo. of spinach was worked up at the beginning of October by 
our method in order to compare the final product obtained with that isolated 
by Osborne and Wakeman [1920]. Only 57 % of the total nitrogen passed 
into solution, which was divided into two parts. One was warmed to 40° to 
flocculate the colloid by the method described above, the other was flocculated 
by adding a quarter volume of alcohol, as described by Osborne. In both 
cases the washed and dried product gave about 10-4 % N, showing that the 
two methods had apparently the same result. On extracting with cold soda 
and precipitating with acid a protein-like substance was isolated which gave 
only 12-6 % of nitrogen and was insoluble in excess of acid. It appeared 
therefore to be a substance with an acidic character similar to that isolated 
from the cabbage. 
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This result does not correspond at all with that of Osborne and Wakeman. 
Their method is first to grind the fresh leaves three times in a Nixtamal mill, 
then add water in the proportion of 1 litre to 1 kilo. of spinach, and regrind 
the mixture twice. They then centrifuge to remove the disintegrated cellular 
matter and obtain a green opaque solution containing a large quantity of 
protein in colloidal suspension. They flocculate as described above by adding 
alcohol, and after washing and drying obtain a substance averaging 14 % N. 
This substance they then treat in the same way as we do, #.e. with cold soda, 
and on making the solution slightly acid bring down a substance giving 
15-3 % of nitrogen. This differed from all our preparations in that it was 
soluble in slight excess of both acid and alkali. 

A chemical explanation of this difference we are at present unable to give, 
but it may be a purely physiological one. From the very large proportion of 
the total nitrogen that they actually isolate as protein (43 %), it would appear 
that they took their leaves at a period of great physiological activity. They 
do not give the time of year when their leaves were picked, nor the period 
between picking and working up. In our case the leaves were purchased in 
a shop, and were probably picked two days previously. This period may have 
allowed some enzyme action to have taken place, but if that were the case 
we should have expected a much higher nitrogen percentage in the protein 
of the bean leaves, which were treated the same day that they were picked. 
The explanation seems to us, in view of the small amount of evidence yet 
available, to be due to different chemical compounds being actually present 
in the leaves taken. 

For comparison the distribution of the nitrogen found by them in their 


compound is given in Table XIV. 


Table XIV. Showing the distribution of nitrogen in the spinach leaf protein 
(Osborne and Wakeman). 


% N 
Amide nitrogen 7-50 
Humin nitrogen 5-97 
Basic nitrogen 22-49 
Mono-amino nitrogen 64-04 


SUMMARY. 


(1) A method has been described for obtaining the proteins of green leaves. 
(2) This consists in treating the disintegrated tissue with water con- 


taining a cytolytic agent, for which purpose ether was found to be the most 


suitable. 

(3) By means of water saturated with ether, opalescent colloidal solutions 
are obtained from which flocculation of the colloid takes place, either on 
standing, if the room temperature is sufficiently high (above 20)°, or more 
rapidly on warming to 40°. 
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(4) The colloidal precipitates obtained in this manner from the leaves of 
cabbage, scarlet runners and spinach have been examined and found to consist 
for the most part of proteins, and to contain about 10 % N. : 

(5) Methods have been described for obtaining the proteins in a purer 
condition, and products containing about 13 % N have been prepared. 

(6) The cabbage and spinach proteins are, when freshly prepared, soluble 
in weak alkaline solutions from which they can be precipitated by acids, in 
excess of which they are not speedily soluble. The protein of scarlet runner 
was insoluble in weak aqueous alkalies. 
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IX. STUDIES ON THE CYCLOCLASTIC POWER 
OF BACTERIA. 
PART II. 

A QUANTITATIVE STUDY OF THE AEROBIC DECOM- 
POSITION OF TRYPTOPHAN AND TYROSINE BY 
BACTERIA. 

By HAROLD RAISTRICK anp ANNE BARBARA CLARK. 
From the Biochemical Laboratory, Cambridge. 
Report to the Medical Research Council. 


(Received December 17th, 1920.) 


THE method used by Raistrick [1919], in the quantitative study of the 

decomposition of histidine by bacteria, has been applied with slight modifi- 

cation to the study of the decomposition of the cyclic nuclei of tryptophan 

and tyrosine. The solution of mineral salts used in these experiments differed 

slightly however from that previously employed and had the following 

composition recommended for the purpose by Koser and Rettger [1919]: 
Distilled water 1000 cc. 


NaCl ... ... 50g. 
MgSO, .. O2g¢. 
OMG, ... ws Olg. 
KH,PO, ... 10g. 
K,HPO, ... 10g. 


I. EXPERIMENTS ON THE DECOMPOSITION OF TRYPTOPHAN. 


4 g. of tryptophan were dissolved in 2 litres of the foregoing saline solution. 
In duplicate portions of 75 cc. the total N[A] was estimated by Kjeldahl’s 
method. 200 cc. of the medium were pipetted accurately into each of nine 
flasks (250 cc. capacity). To each of three of these 2 cc. of glycerol were 
added. All the flasks were then plugged with cotton wool and autoclaved 
at 115° for 20 minutes. Of the nine flasks 

(a) One without glycerol was used for the determination of the distri- 
bution of N in the medium without precipitation with colloidal iron. 

(6) One without glycerol was used for the determination of the distri- 
bution of N in the medium, using precipitation with colloidal iron as described 
later. 
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(c) Four without glycerol were inoculated with pure cultures of one of 
the following bacteria: 
1. B. fluorescens. 
2. B. pyocyaneus. 
3. B. prodigiosus. 
4. B. proteus vulgaris. 

(d) The three flasks containing glycerol were inoculated with pure cultures 
of one of the following organisms: 

1. B. fluorescens. 
2. B. pyocyaneus. 
3. B. prodigiosus. 

The inoculated flasks were then incubated at 37° for a specified number 
of days. 

Analysis of medium for distribution of N. 

After incubation (or in the case of the control without incubation) 8 cc. NV 
acetic acid were added to the 200 cc. medium. Then 25 cc. of colloidal iron 
(1-25 9%) were introduced drop by drop in the cold with constant shaking. 
The flask was heated on a water-bath to flocculate the iron precipitate, then 
cooled, and the contents filtered on a small Buchner funnel containing a 
filter paper covered with a thin layer of kieselguhr. The residual iron pre- 
cipitate was washed with hot water, dried in a steam oven, and the nitrogen 
contained in it was estimated by Kjeldahl’s method (synthesised N [E)). 
The combined filtrate and washings were transferred to a litre Claisen dis- 
tilling flask, and 100 cc. alcohol and 10 cc. of a 10 % suspension of lime were 
added. The ammonia which was present was distilled in vacuo and absorbed 
in a known amount of standard acid, the excess of acid being titrated with 
standard thiosulphate (ammonia N [C]). The residue in the Claisen flask was 
then made just acid with HCl, evaporated to a volume of a few cc., washed 
out quantitatively and made up to a volume of 25 cc. The amino N content 
of this was estimated in the usual way by van Slyke’s method (amino-acid 
N [B)). 

In this way the following values, expressed as mg. N per 100 cc. medium, 
were obtained: 

Total N. 

Amino-acid N. 

Ammonia N. 

Non-amino N (= A—[B+C+ E)). 
Synthesised N. 

From a consideration of these values the following information is ob- 
tained : 

1. Amino-acid N[B] gives the N contained in the amino-group of the 
side chain, and hence shows to what extent the amino-group has been broken 
down. 
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2. Ammonia N [C] gives the whole of the N, whether originating from 
the amino-group or from the nucleus, which has been metabolised by the 
bacteria into ammonia. 

3. Non-amino N [D] gives a measure of the degradation of the N con- 
tained in the nucleus, and hence a decrease in this indicates that the indole 
nucleus has been attacked and ruptured. 

4. The use of colloidal iron as a precipitant enables one to obtain a 
measure of the amount of N used for synthesis into complex N compounds. 
This includes the N contained in the bacterial cell and that in the proteins 
etc. which may diffuse out of the cell. No amino N arising from the trypto- 
phan is included in the colloidal iron precipitate since it is a well-known fact 
that colloidal iron does not adsorb amino-acids. This was definitely proved 
by the comparative experiments, previously mentioned with and without the 
use of colloidal iron. The results of our experiments are recorded in Table I. 


Table I. Composition of medium in each case expressed as mg. N per 100 ce. 


1. Original Medium 





2. Original Medium after treatment with colloidal iron. 


A. Total N 26-89 A. Total N ge 26-89 

B. Amino-acid N 14-06 B. Amino-acid N ... 13-95 

C. Ammonia N 0-30 C. Ammonia N 0-22 

D. Non-amino N 12-53 D. Non-amino N ... pas 12-34 

E. N in colloidal iron precipitate 0-38 

Tryptophan + Glycerol Tryptophan without Glycerol 
incubation = on eae Incubation gE 6 ae 
period, Increase Decrease period, Increase Decrease 
days of N of N days of N of N 
B. pyocyaneus. 

13 Total N 26-89 — — 19 Total N 26-89 — — 
Amino-acid N 3-21 — 10-74 Amino-acid N 0-40 — 13-55 
Ammonia N 0-47 0-25 — Ammonia N 19-15 18-93 — 
Non-amino N- 10°85 — 1-49 Non-amino N 3-00 9-34 
Synthesised N 12-36 11-98 — Synthesised N 4-34 3-96 — 

B. fluorescens. 

16 Total N 26-89 — — 37 Total N 26-89 — — 
Amino-acid N 1-47 -- 12-48 Amino-acid N 0-02 = 13-93 
Ammonia N 0-03 — 0-19 Ammonia N 16-57 16-35 — 
Non-amino N 7-19 — 5-15 Non-amino N 2-92 —- 9-42 
Synthesised N 18-20  =17-82 = Synthesised N 7-38 7-00 — 

B. prodigiosus. 

18 Total N 26-89 — — 38 Total N 26-89 — a 
Amino-acid N 9-56 — 4:39 Amino-acid N 5-90 —- 8-05 
Ammonia N 0-07 — 0-15 Ammonia N 9-84 9-62 — 
Non-amino N_ 13-26 0-92 — Non-amino N_ 10-10 — 2-24 
Synthesised N 4-00 3-62 _~ Synthesised N 1-05 0-67 — 

B. proteus vulgaris. 
33 Total N 26-89 — = 
Amino-acid N 9-15 — 4-80 
Ammonia N 5-19 4-97 — 
Non-amino N_- 12-05 0-29 
Synthesised N 0-50 0-12 — 
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Discussion of Results. 


From a consideration of the results given in Table I, the following con- 
clusions may be drawn: 

1. Both in the presence and absence of glycerol, B. pyocyaneus, 
B. fluorescens and B. prodigiosus can attack and produce ammonia from both 
the side chain and the indole nucleus of the tryptophan molecule. 

2. Whereas with B. pyocyaneus and B. fluorescens ammonia is produced 
from the nucleus almost as readily as from the side chain, B. prodigiosus 
produces ammonia from the side chain much more quickly than from the 
nucleus. 

3. With B. proteus vulgaris ammonia formation is limited to the side 
chain nitrogen. The failure to open the indole ring is analogous to the 
inability of the same organism to rupture the iminazole ring [Raistrick, 1919]. 

4. The effect of the presence of an alternative source of carbon is seen 
from the results obtained with B. pyocyaneus, B. fluorescens and B. prodigiosus 
in the presence and absence of glycerol. Whereas in the absence of glycerol 
much free ammonia is produced but relatively small amounts of synthesised N, 
in the presence of glycerol practically no free ammonia is produced, and in 
two of the three cases the amount of ammonia is actually less at the end of 
the experiment than at the beginning. This non-formation of free ammonia 
is coincident with large increases in synthesised N. 

These results offer an explanation for a number of observations, made by 
various bacteriologists [Kendall and colleagues, 1912-1913] during the last 
few years, on the so-called “protein-sparing” action of carbohydrates. These 
observers find that, when bacteria are grown in ordinary peptone media 
containing no carbohydrate, there is progressive production of ammonia, 
often in considerable amount. In the presence of an available carbohydrate, 
however, only quite inappreciable amounts of ammonia are formed, although 
growth is often better in the latter case than in the former. This failure to 
produce ammonia from carbohydrate-containing media they ascribe to the 
“‘protein-sparing” action of the carbohydrates. The first obvious criticism of 
this interpretation is the fact that these workers regard ammonia formation 
as an index of protein decomposition, and make no other attempt to estimate 
the extent to which protein decomposition has taken place. We consider 
that the best method of measuring protein and amino-acid decomposition is 
to follow the disappearance of amino-acid N. Our results show that an amino- 
acid is decomposed by bacteria in the presence of glycerol without the pro- 
duction of a corresponding amount of ammonia, the N of which appears in 
the form of synthesised N. It seems to us that the probable explanation of 
the so-called “protein-sparing” action of carbohydrates is the following. 
Bacteria need for their anabolic processes certain relative amounts of nitrogen 
and carbon. If the available N is in excess of that amount necessary to 
combine with the available carbon for these synthetic purposes, this N appears 
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in the form of ammonia (as shown in the experiments on tryptophan without 
glycerol, and in the results obtained by other workers on peptone media 
containing no carbohydrates); if, however, the amount of available carbon 
is in excess of the amount necessary to combine with the available N for 
synthesis, no ammonia appears because all the N is used for synthesis (as 
shown in our experiments on tryptophan with glycerol, and in the results of 
other workers on peptone media containing carbohydrates). Hence we believe 
that carbohydrates far from having a “protein-sparing” effect in the sense 
used by the above authors, actually enable bacteria to utilise more protein 
or protein products than they would in the absence of carbohydrates. 


II. EXPERIMENTS ON THE DECOMPOSITION OF TYROSINE. 


2-5 g. tyrosine were dissolved, by the aid of heat, in 2500 cc. of the basal 
saline solution described in the tryptophan experiments. After cooling, the 
medium was distributed as follows: 

1. 400 cc. were pipetted accurately into each of two flasks (500 cc. 
capacity). After sterilisation, these were inoculated with B. pyocyaneus and 
B. fluorescens respectively. 

2. 400 cc. were pipetted accurately into each of two flasks (500 ce. 
capacity) and 2cc. of glycerol were added. After sterilisation these were 
inoculated with B. pyocyaneus and B. fluorescens respectively. 

3. About 500 cc. were sterilised and used for the estimation of the initial 
distribution of N in the medium. 

4. The residual liquid was placed in a flask, piugged with cotton wool, 
and autoclaved. Along with the inoculated flasks, this was incubated at 
37°, and was used as a standard control solution for the estimation of phenolic 
groups described later. 

Analysis of the Medium. 

The method used for determining the distribution of N was exactly the same 
as that described in the tryptophan experiments. However, since tyrosine con- 
tains no nitrogen in the phenolic nucleus, another method had to be used for 
following the fate of this nucleus. This was done by using Folin’s colorimetric 
method for the estimation of phenolic groups [Folin and Denis, 1912, 1915]. 
The details of our methods of procedure are as follows. 

After incubating for a specified number of days, 25 cc. of the inoculated 
medium were pipetted into a graduated 100 cc. flask (the residue being used 
for the determination of the distribution of N). To this were added 1 cc. of 
normal acetic acid and 2 cc. of colloidal iron drop by drop. The flask was 
heated on a water-bath to flocculate the iron precipitate, cooled, made up 
to 100 cc., and filtered through a dry filter paper. The phenolic groups present 
in this solution were then estimated by the use of Folin’s phosphotungstic- 
phosphomolybdic colorimetric reagent, using the control tyrosine solution 4 


as a standard phenolic solution. 








BACTERIAL DECOMPOSITION OF AMINO-ACIDS 81 


Table II. Composition of medium in each case expressed as mg. N per 100 ce. 





Original Medium. 
Total N ae aoe pas 7-82 
Amino-acid N ee qa 7-78 
Ammonia N ... io wae 0-06 
Phenolic groups equivalent to 100 mg. tyrosine 
Tyrosine + Glycerol Tyrosine without Glycerol 
yee er An x, —_—_—_—_——_ — A— ——— a 
: Increase Decrease Increase Decrease 
Incubation of Nand of Nand Incubation of Nand of N and 
period, phenolic phenolic period, phenolic phenolic 
days groups groups days groups groups 
B. pyocyaneus. 

45 Total N --- 7°82 = — 51 Total N sid ee a — 
Amino-acid N 0-51 = 7-27 Amino-acid N 0-12 — 7-66 
Ammonia N ... 0-00 —- 0-06 Ammonia N ... 4-78 4-72 — 
Synthesised N 3-22 3°22 — Synthesised N 1-61 1-61 — 
Phenolic groups Phenolic groups 

equivalent to equivalent to 
mg. tyrosine... 9-25 os 99-75 mg. tyrosine... 0-14 _ 99-86 
B. fluorescens. 1 

34 Total N aco OOS a — 46 Total N ate Ge —_ —_ 
Amino-acid N 0-30 — 7-48 Amino-acid N 0-00 oS 7-78 
Ammonia N ... 0-00 0-06 Ammonia N .,.. 3-99 3-93 — 
Synthesised N 4-98 4-98 == Synthesised N 2-95 2-95 — 
Phenolic groups Phenolic groups 

equivalent to equivalent to 
mg. tyrosine... 1-90 —_ 98-10 mg. tyrosine... 0-00 _— 100 
‘ Discussion of Results. 


From a consideration of these experimental results, the following con- 
clusions may be drawn: 

1. As observed in the tryptophan results, relatively large amounts of 
ammonia but very little synthesised N are formed in the absence of glycerol. 
In the presence of glycerol, however, the appearance of relatively large 
amounts of synthesised N is coincident with (in this case) a total absence of 
free ammonia. This gives further support to our suggested explanation of 
the so-called “protein-sparing” action of carbohydrates. 

2. Both in the presence and absence of glycerol, there is an almost 
complete disappearance from the tyrosine of phenolic groups giving a colour 
reaction with Folin’s reagent. Since Folin has shown that neither straight 
chain hydroxy-compounds nor benzene derivatives containing no hydroxyl- 
group attached to the carbon atoms in the ring give a colour with his reagent, 
our results may be interpreted in either of the two following ways: 

(a) That the benzene ring has been ruptured giving rise to straight 
chain compounds of some sort. 

(6) That the hydroxyl-group has been removed from the nucleus 
leaving the benzene ring unbroken. 

At present we have no experimental evidence to prove which of these 
possibilities is correct. It is of interest, however, to note that Traetta-Mosca 
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[1910] isolated from stable manure a bacillus which in cultural characteristics 
is closely related to B. pyocyaneus. This micro-organism decomposes tyrosine 
and gives rise, in addition to other compounds, to benzoic acid. Thus in this 
case there is a removal of the hydroxyl-group from the phenolic nucleus, 
which would harmonise with our second possibility indicated above. 


We are glad to have this opportunity of thanking Professor F. Gowland 
Hopkins for much kindly criticism and advice during the progress of this work. 
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X. DETERMINATION OF THE MINIMUM DOSES 
OF SOME FRESH CITRUS FRUIT JUICES 
WHICH WILL PROTECT A GUINEA-PIG 
FROM SCURVY, TOGETHER WITH SOME 
OBSERVATIONS ON THE PRESERVATION 
OF SUCH JUICES. 


By ALICE JANE DAVEY. 
From the Department of Experimental Pathology, Lister Institute. 


(Received January 5th, 1921.) 


Tae following account deals with work relating to the preservation of fruit 
juices over long periods, in such a way as to retain the anti-scorbutic principle 
as little changed as possible. 

The work has been carried out under the direction of Dr Harriette Chick, 
to whom and to Miss Hume I am indebted for much help and advice during 
the progress of the experiments. 

Many experiments by other workers at the Lister Institute have also 
been included. Some of them have been published already in a summarised 
form [Chick, Hume and Skelton, 1918, 1, 2], for others I am indebted to my 
various colleagues at the Lister Institute. 


INTRODUCTION. 


Early in 1917, in the course of experiments concerned with the relative 
anti-scorbutic values of fruit and vegetables, particularly with a view to the 
needs of the Army, official samples of preserved lime juice, as supplied to the 
Army and Navy, were tested. The results showed that such preserved lime 
juices were practically devoid of anti-scorbutic principle, since the largest 
doses (10 cc. daily), that could be administered, did not indicate the slightest 
protection of guinea-pigs from scurvy, whereas a very much smaller dose 
(1-5 cc. daily) of fresh orange or lemon juice will suffice to keep a guinea-pig 
in good health. 

It was thought that the failure of the lime juice might be due to deteriora- 
tion induced by long keeping or by the method of preservation. Accordingly, 
tests were instituted on samples of crude juice supplied by the manufacturers 
and on fresh juice expressed in the laboratory from imported fruit. It was 
found that the fresh lime juice possessed not more than one quarter of the 
value of fresh lemon juice [see Chick, Hume and Skelton, 1918, 1, 2]. 
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This result raised the question of the generally received belief in the 
efficacy of lime juice as a preventive of scurvy and investigations were set 
on foot to determine the relative anti-scorbutic values of the commoner 
Citrus fruit juices, and the extent to which these values were diminished by 
the various methods of preservation used and by long keeping at different 
temperatures. Attempts have been made to find a method of preserving 
lemon juice which shall reduce this deterioration to a minimum. 

There have already been published the results of the enquiry just referred 
to, by Chick, Hume and Skelton [1918, 2] into the relative content of anti- 
scorbutic principle in lemons (Citrus medica var. limonum) and limes (C. medica 
var. acida) where the summarised results include experiments with both 
guinea-pigs and monkeys. Both sets of experiments clearly demonstrate that 
“the value of fresh lemon juice is approximately four times that of fresh 
lime juice” and that preservation and long keeping of lime juice induce 
considerable loss of its anti-scorbutic principle. 

The conflict between experimental results on the one hand and human 
tradition and practice on the other was resolved by the historical enquiry 
made by Mrs Henderson Smith [1918, 1919], regarding the use of lime and 
lemon juice in connection with human scurvy. 

More recently, the complete failure of lime juice to afford protection to 
the army in Mesopotamia is a well-known fact [ Willcox, 1920] and later still 
in Febuary and March 1919, Stevenson [1920] made the same observation of 
its worthlessness, among the inmates of the Russian civil prisons at Archangel. 


PREVIOUS EXPERIMENTAL WORK ON CITRUS FRUIT JUICES. 

Old records contain many instances of the great value of oranges and 
lemons for the prevention and cure of scurvy. One of the most striking is 
the classical human experiment carried out by Dr Lind [1757; quoted in the 
Medical Research Committee’s Report, 1919, p. 39] by which he showed that 
oranges and lemons were far superior to other remedies, current in his time. 
Some experiments have been carried out by Holst and Frolich [1912] on 
the anti-scorbutic value of lime and lemon juices, using guinea-pigs as experi- 
mental animals. These workers compared freshly squeezed raw lemon juice 
with commercial samples of lime juice preserved in various ways. The animals 
were fed on a basal diet of grain and water only; the dose of fruit juice was 
5 to 10 ce. daily at most. Comparison was made with other animals receiving 
no anti-scorbutic. Very little protection was afforded from scurvy and the 
juice of fresh lemons was found little if at all superior to the preserved lime 
juices. The addition of the juices to the diet of grain and water prolonged 
life and mitigated the scurvy symptoms slightly, hence anti-scorbutic in small 
amount was assumed to be present in the doses given. Holst and Frolich 
regard this result as lending additional support to the view that guinea-pigs 
are more susceptible than man to scurvy, and point out that a daily dose of 
5 to 10.ce. of lime juice for a guinea-pig, if related to the body weight, is a 
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proportionally much greater dose than that held to be sufficient to protect 
a man from scurvy. Since the slight protective effects of the preserved lime 
juice were not found to be markedly inferior to those of the fresh lemon, the 
authors inferred that lime juice retains most of its potency after preservation 
and keeping, and they assume that their experiments justify the widespread 
belief in the usefulness of preserved lime juice, which they never seem to have 
called in question. 

On the basal diet of grain and water used by Holst and Frélich, with 
addition of anti-scorbutic in the form of lemon juice, the animals grew very 
little and hunger symptoms were apparent, since the animals failed to consume 
the grain. Some of the earliest experiments of Chick and co-workers (Chick 
and Hume, 1917], showed that if guinea-pigs received a basal diet of oats 
and bran and water with anti-scorbutic in the form of fruit juice, good health 
and growth could not be maintained. The animals failed to consume sufficient 
food and often could not be induced to take their ration of lime or lemon 
juice without ill effect. The diet cannot be considered equivalent to one in 
which a ration of fresh cabbage (containing all the accessory food factors) 
takes the place of the fresh fruit juices. Hence no conclusion drawn from 
such experiments as to the relative anti-scorbutic potency of, for instance, 
cabbage and lemon juice can be regarded as valid. 


SCOPE OF THE PRESENT PAPER. 

The present paper deals first with the determination of the minimum 
doses of fresh fruit juices, orange, lemon and lime, required to prevent scurvy 
in guinea-pigs. The results have been used as a basis for finding the loss in 
anti-scorbutic value which takes place when these juices are preserved or 
kept for long periods at different temperatures. 

Besides an investigation of the keeping properties of carefully preserved 
laboratory material, the results are also included of tests on several com- 
mercial and official samples. Since the true history and mode of preparation 
of these is not always known the results lack scientific value, but are of very 
great importance from the practical standpoint. 

Some data are also included for the value of chilled fruit. The whole 
investigation is still not quite complete since few of the specially prepared 
specimens have been kept as yet for more than two years. Such a period of 
preservation is however sufficient to give some good indications of the best 
practical methods to adopt. 

TECHNIQUE. 

In all particulars the method employed is that described by Chick, Hume 
and Skelton [1918, 2] and also by Delf and Tozer[1918]. All the experiments 
have been carried out on young growing guinea-pigs (about 340 g. in weight 
at the beginning of the experiment) fed on a basal diet of oats and bran, 
to which was added a ration of 60-90 cc. of cow’s milk, autoclaved at 120° 
for an hour. The fruit juices tested were given as daily doses, administered 
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by pipette. All food residues were weighed or measured so that the quantities 
consumed daily could be recorded. The animals were weighed three times 
weekly. Symptoms of scurvy were noted during life and at post mortem. 

The symptoms of guinea-pig scurvy are fully described by Chick, Hume 
and Skelton [1918, 2] and by Delf and Tozer [1918]; see also the Report of 
the Medical Research Committee on Accessory Food Factors [1919]. 

In the present paper the presence or absence of haemorrhages is taken as 
the decisive symptom in diagnosing scurvy or the reverse. A condition of 
histological bone lesion, in absence of haemorrhages, is not taken as indicative 
of scurvy in the light of the results obtained by Tozer [Delf and Tozer, 1918], 
which show that such a bone lesion frequently also occurs in animals on non- 
scorbutic diets and is probably due to a deficiency of vitamin A. 

In order to avoid the ill effects on the animals of large doses of acid juices, 
all lime juices and certain of the more acid preserved lemon juices were partly, 
never wholly, neutralised with solid sodium carbonate. Lime juice was rendered 
more palatable by the addition of cane sugar (1 g. to 10 cc. of juice). Lemon 
or lime juice doses, whether neutralised or not, were mixed with a little auto- 
claved milk from the animal’s ration before administration. Neutralisation 
was carried out as short a time as possible before administering doses to the 
animals, and it is assumed that no appreciable change in the anti-scorbutic 
value of the ration was so induced [see Harden and Zilva, 1918]. 


Juices used for experiment were always kept in the Lister Institute re- 
frigerator during experiment in order to keep them as uniform as possible 
throughout the experiment. The temperature of the refrigerator usually 
ranged from — 3° to 4°. On rare occasions it went down to — 5° and once 


rose for a week to 18°. 
DETAILS OF EXPERIMENTS AND RESULTS. 


I. DETERMINATION OF MintmuM DosEs oF FRESH JUICES. 


A. Lemon Juice (Citrus medica var. limonum). 


Sound ripe fruit was selected, any soft or blemished specimens being 
rejected. The large rough skinned varieties were used and efforts were made 
to secure uniformity as far as possible. The fruits were halved and the juice 
expressed by hand on a glass squeezer and strained through coarse muslin 
or mosquito net with firm squeezing. Juice thus prepared was kept in the 
refrigerator, but not frozen, during the period of testing. For the earlier 
experiments [Chick, Hume and Skelton, 1918, 1] supplies were made monthly, 
so as to be comparable with lime juice from imported fruit, which could not 
be obtained more frequently. In order to eliminate possible changes due to 
keeping even for a short time, the juice for the present experiments was 
prepared fresh every week. 

Experiments have been carried out in order to determine within narrow 
limits, the minimal daily protective dose for a guinea-pig. Early unpublished 
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experiments, conducted in 1917, show that 10 cc. and 5 cc. daily doses afford 
ample protection. The paper published in 1918 recorded the effects of 2-5 cc., 
1-5 ec. and 0-5 cc. daily doses and 1-5 cc. was found to be the minimal pro- 
tective dose. The present experiments, using fresher juice, also test the same 
three doses and reach the same conclusion. 

2-5 cc. daily dose. Six animals were employed. Two of these died from 
illnesses other than scurvy after 33 and 37 days respectively. The remaining 
four animals completed the experimental time and were killed in good health. 
They were all four in splendid condition, but two of them which had consumed 
a larger milk ration (85 and 95 cc. respectively, during the last 60 days of 
experiment), continued to increase in weight to the end of the experimental 
time and attained a higher maximum weight than did the others. 

1-5 ce. daily dose. Six animals were used. Of these one died after 30 days 
of an acute intestinal affection ; no scurvy was indicated. The others completed 
the experimental time (90 days) in good health. The post mortem indicated 
protection from scurvy. 

0-5 cc. daily dose. Six animals were used. All developed scurvy. Two of 
them were killed after 45 days. Attempts were made to cure three of the 
others with the juice of sweet limes (see p. 90), while the remaining one was 
treated with canned apricot juice. 

The 0-5 cc. daily dose is manifestly insufficient, but some slight protection 
is indicated because symptoms in life were not diagnosed earlier than the 
21st to 28th day, and the length of life in cases where no cure was attempted, 
was not less than 40 days. 

It is concluded therefore that a daily ration of 1-5 cc. fresh lemon ‘juice 
(never more than one week old) is the minimum daily dose which will protect 
a guinea-pig from scurvy and this datum is used for the basis for comparison 
with the anti-scorbutic value of other fruit juices or of different preserved 
lemon juices. The result of this experiment is very slightly better than that 
detailed by Chick, Hume and Skelton [1918, 1] where the juice used was kept 
0-2 months in the refrigerator, a result which suggests an appreciable though 
slight loss of anti-scorbutic principle when the juice is kept for such a period 
even at a low temperature. 


B. Lemon Juice with the Rind Oil. 


Experiments on preservation which are detailed later had shown that 
lemon and orange juice, squeezed so as to contain some of the essential oil 
of the rind, would keep sweet and palatable for long periods, without addition 
of other preservative, in the same way as lime juice, so treated, does. Lemon 
and orange juices squeezed without such precaution and without any other 
preservative, quickly become mouldy and unpalatable. Experiments to de- 
termine the minimum dose of such material when fresh are therefore included 
here with the determination of the minimum doses of the other fresh fruit 
juices. 
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The material was prepared in the following way. Whole lemons were 
sliced by hand and minced in an ordinary kitchen mincer. The juicy pulp 
thus obtained was squeezed by hand through coarse muslin. The resulting 
“juice” is a thick creamy emulsion which sets to a soft curd, from which a 
small amount of clear juice slowly separates. The curd is easily broken up 
later. This material was bottled without any sterilising precautions and seems 
to keep well even when the bottles are frequently opened. 

As compared with fresh lemon juice expressed without the rind oil, this 
material is diluted somewhat with the rind constituents, 7.e. the solid matter 
of the white inner rind and its watery sap. 

The material was kept in the refrigerator (about 0°) during the period of 
the experiment, 7.e. about 100 days. 

For convenience in measuring small doses of the very thick material, the 
total quantity required each day was diluted with an equal volume of water; 
twice the volume of the prescribed dose was then administered to each animal. 

1-5 cc. daily dose. Four animals were used; one of these showed severe 
scurvy after 34 days, while another éompleted 90 days of experiment but 
showed some indications of scurvy of long standing. Two others were com- 
pletely protected for 90 days. 1-5 cc. of this juice was not, therefore, quite 
adequate. 

2-5 ce. daily dose. Four animals were used of which two died early from 
intestinal troubles (32 and 34 days). The two remaining animals completed 
the experiment in good health, without signs of scurvy at post mortem. 

The minimum daily dose of this lemon juice with the rind oil (0-10 days 
old) which will protect a guinea-pig from scurvy is therefore between 1-5 
and 2-5 ec. 


C. Orange Juice. 


The juice was prepared exactly as is described for fresh lemon juice. Some 
difficulty was experienced in obtaining uniformity owing to the variation in 
quality of the oranges according to the season of the year. This accounts for 
certain discrepancies in the results. Oranges deteriorate more rapidly than 
lemons and late in the season they become dry. The critical experiments 
on which minimum dose values have been based, were carried out early in 
the year (Jan. to March), using as far as possible oranges of thé same variety 
(Denia). The juice was prepared once a week, in certain experiments twice 
a week, and was kept in the refrigerator between successive times of pre- 
paration. 

Experiments conducted in 1917, using daily rations of 10 cc., 5c. and 
3 cc., show that these are amply sufficient to protect a guinea-pig from scurvy. 
Some of these experiments are mentioned in an earlier paper from the Lister 
Institute [Chick and Hume, 1917]. Further experiments have been conducted 
and are detailed below, using 1-5 cc. and 0-5 cc. daily doses. 
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1-5 cc. daily dose. Three series of experiments have been conducted at 
different seasons of the year. 

(a) Experiment extending from May to July; three animals were used; 
the juice was expressed weekly. Of the three animals, one died from scurvy 
in 50 days; another showed “doubtful scurvy” without haemorrhages after 
83 days, while the third succumbed to an intestinal illness after 63 days, 
but was completely protected from scurvy. 

(b) Experiment extending from March to May; four animals were used; 
the juice was expressed weekly. Only one animal survived 90 days. It was 
in excellent health and was completely protected from scurvy. All the other 
cases were complicated by intestinal infections. No scurvy symptoms were 
observed during life or at the post mortem, but as the animals died or were 
killed after 46, 62 and 67 days, the result is not conclusive. 

(c) Experiment extending from January to March; four animals were 
used; the juice was expressed twice weekly. One animal died of pneumonia 
after 67 days but some scurvy was found at post mortem. Two others died 
from intestinal disorders after 74 and 88 days respectively. At the post mortem 
one of these showed fragility of bones but no haemorrhages, while the other was 
without any signs of scurvy. The remaining animal survived 90 days and at 
the post mortem was found to be normal. 

The above results may not appear entirely conclusive; out of a total of 
eleven animals six were protected from scurvy and of these four survived more 
than 80 days of experiment. The remaining two, as well as the other partially 
protected animals, were all victims of infections or illnesses other than scurvy. 
Experiment (c), in which oranges were at their best and the juice used never 
more than four days old, gives a substantially better result than the others; 
only in one case was there any scurvy indicated at the post mortem, and that 
by fragility of the bones only, haemorrhages being absent. In fact three out 
of the four animals were protected. 

0-5 ec. daily dose. An experiment with one animal was begun in June 1918. 
Oranges were then dry and their anti-scorbutic potency lowered as shown 
by the experiments described above with larger doses. The animal died on 
the 58th day of experiment with moderately severe scurvy complicated by 
other illness. 

A further experiment was begun in March 1919, the juice being prepared 
twice weekly. Five animals were employed, all of which showed signs of 
scurvy round about the 34th day of experiment. One of them showed scurvy 
with severe haemorrhages and fragile bones after 57 days; another died from 
disease other than scurvy after 43 days; scurvy haemorrhages were not found 
but the bones were slightly fragile and the rib junctions nodular. The re- 
maining animals were suffering from severe scurvy from the 57th to the 
67th days, as indicated by sore swollen joints, lameness etc. At this time their 
doses were changed to a daily ration of sweet lime juice which effected a 
partial cure. 
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From these experiments it is assumed that 1-5 cc. daily may be considered 
a minimal protective dose for a guinea-pig, when the freshly expressed juice 
of oranges at their best, i.e. in the early part of the season, is used. 


D. Orange Juice with the Rind Oil. 

Experiments with lemon juice with the rind oil were so promising that 
material was prepared in exactly the same way from oranges, in order to 
establish the minimum dose and test the keeping capacity of this material also. 

The fruit was obtained early in March 1919; it was treated exactly as is 
described for lemons. The emulsion was very thick and set to a substantial 
curd, a small proportion of juice squeezed without the rind oil was therefore 
added. 

The material was kept in the refrigerator at a temperature about 0° for 
the time of the experiment, 7.e. 0-108 days. 

1-5 cc. daily dose. Four animals were used, of which two were in good 
health at the end of the experiment. Two died from other causes (63 and 
72 days) with very doubtful scurvy, slight bone brittleness but no haemo- 
rrhages. 

3 cc. daily dose. Two animals were used and both were normal at the end 
of the experiment. The minimum dose of orange juice with the rind oil kept 
in the refrigerator for 0-108 days was therefore taken to be 1-5 cc. daily. 


E. Sweet Lime (Citrus medica var. limetta). 


A small sample of sweet limes was received from Basra in February 1919, 
sent by Lt.-Col. Ledingham. The sample arrived in poor condition owing to 
the long time taken in transit. Many of the fruits were useless and the re- 
mainder though placed in the refrigerator, deteriorated rapidly and became 
mouldy and soft. Juice was expressed every two or three days. 

It was tested as a cure for animals sick with scurvy, induced by insufficient 
doses of fresh lemon and orange juices. 

Of the six animals used, three had been on a daily ration of 0-5 cc. fresh 
lemon juice for 49, 52 and 48 days respectively, while three had been on a 
similar ration of fresh orange juice for 57, 65 and 67 days respectively. All 
were suffering from severe scurvy as evinced by swollen, painful joints, scurvy 
position, lameness and falling weight. A daily ration of 2-5 cc. of the juice 
of sweet limes was substituted for the orange and lemon doses. A very 
gradual improvement in the condition of the animals became apparent with 
steadying of the previously falling weight curves; in some cases slight gain 
in weight took place. Although the cure was very far from complete, the life 
of the animals was very considerably prolonged. The average life of the six 
animals in question was 78 days and two of them survived 89 and 91 days 
respectively ; whereas the average length of life of five animals which continued 
on the small doses of orange and lemon was 49 days only. The post mortem 
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examination revealed some repair of bone lesions and absence of recent 
haemorrhages, although signs of severe old haemorrhages were apparent. 

Although the sweet limes were old and in very poor condition their juice 
exercised considerable curative power when administered in 2-5 cc. daily doses 
to guinea-pigs suffering from severe scurvy. No definite conclusions can be 
drawn as to the value of sweet limes in good condition, but the result obtained 
suggests that they should be useful as an anti-scorbutic and superior in this 
respect to sour limes. 


F. Sour or West Indian Lime Juice (Citrus medica var. acida). 

The experiments with fresh ripe lime juice were conducted during the 
winter of 1917-18 and have been summarised by Chick, Hume and Skelton 
[1918, 1, 2]. The results are included again here, with some further notes for 
comparison with the newer results from preserved lime juice and juice from 
green limes. 

The fruit used was obtained through the kindness of Messrs L. Rose & Co. 
who furnished monthly supplies of specially imported West Indian limes. 
Owing to war conditions these limes were from one to two months in transit. 
They do not seem to bear keeping as well as lemons, possibly because of their 
thinner rind, from which the volatile essential oil is more easily lost. 

The juice was prepared exactly as described for lemon and orange juices 
without the rind oil, only sound firm fruit being employed in its preparation. 

The experiment included tests with green unripe limes as well as with 
ripe limes, as it was thought that the anti-scorbutic value of the green fruit 
might be greater than that of the ripe fruit. We can draw no very definite 
line as to what constitutes the limit of ripe and unripe fruit, but ripe fruits 
were definitely yellow. 

Experiments were conducted with 2-5 ce., 5c. and 10 cc. daily doses of 
fresh lime juice. The doses were half neutralised with sodium carbonate, and 
cane sugar (1 g. per 10 cc. juice) was added to render the juice palatable. 

The age of the juice after squeezing varied from 0 to 30 or 40 days old, 
it being preserved for that time in the refrigerator between squeezings. 

2-5 cc. daily dose. (a) Ripe lime. This amount of ripe lime juice afforded 
no protection from scurvy. Of seven animals, five died from severe scurvy 
in 23 to 59 days. The remaining two cases were complicated by other illness 
and scurvy was less severe after 29 to 67 days, than in the preceding cases. 

(6) Green lime. When the juice from green limes was employed the results 
were appreciably better. Scurvy symptoms were milder and the duration of 
life was longer. One of the four animals used lived for 116 days suffering from 
slight chronic scurvy, with some improvement towards the end of the 
experiment, probably correlated with the use of a fresh sample of juice. In 
another animal which died from infection after 38 days, the post mortem 
showed no sign of scurvy. The two remaining animals showed scurvy of 
moderate severity after 56 and 85 days respectively. 
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5 cc. daily dose. (a) Ripe lime. Ten animals were used of which three 
showed definite scurvy and three were normal; two showed doubtful scurvy 
and two died from other causes (26 and 35 days) without haemorrhages. 

(b) Green lime. Seven animals were used, of which three died within 
34 days from other illness than scurvy and are therefore discounted. As with 
the ripe lime, practically complete protection was obtained in three of the 
four cases remaining; the animals survived for over 90 days and no hae- 
morrhages were found at post mortem. The fourth animal showed only 
doubtful traces of scurvy after 56 days. 

10 ce. daily dose. Ripe lime only. Doubling of the 5 cc. dose produced 
no appreciably better result and it failed to eliminate the slight fragility of 
the bones and enlargement of the rib junctions, with the corresponding 
histological symptoms, which so frequently occurred but which there is little 
doubt were due to an insufficiency of vitamin A. 

Of six animals one was normal in all respects after 88 days of experiment. 
Another died with severe visceral haemorrhage after 85 days, showing fragility 
of bones at post mortem. Scurvy was doubtful or absent (no haemorrhages) 
in two other cases after 52 and 62 days respectively and two died without 
haemorrhages at 25 and 34 days from other causes. 

It must be noted that animals receiving lime juice never grew as vigorously 
as the animals receiving orange juice or the smaller doses of lemon juice. 
Healthy animals usually attain a maximum weight of from 550 to 600 g. 
within the 90 days of experiment, their weight curve approximating nearly 
to that of animals fed on normal diet. With one exception the highest 
maximum weight reached by any animal on a 5cc. or 10 cc. fresh lime juice 
ration was 470g. The exception was the single completely protected animal 
on the 5 cc. daily ration of fresh ripe lime juice, whose weight reached 537 g. 
on the 78th day of experiment. 

The experiments with fresh lime juice indicate 5 cc. daily as the minimal 
protective dose for a guinea-pig. Taking into consideration the poor growth 
and consequent low body weight of even those animals which were completely 
protected from scurvy, it is possible that the 5 cc. daily dose might not ensure 
protection to better grown animals, whose weight curve more nearly approxi- 
mated to the normal. 

On the other hand, conditions necessitated the use of lime juice prepared 
monthly from fruits which had suffered from delay in transit. If tests be 
made from lime juice prepared at more frequent intervals from fresh fruit, 
the results may indicate a slightly lower value for the minimal dose than has 
so far been obtained. Pending such further experiments, the minimal pro- 
tective dose of fresh lime juice required by a guinea-pig cannot be fixed at 
less than 5 ce. daily, which amount is perhaps best regarded as marginal. 
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II. PRESERVATION oF FRUIT JUICES. 


A. Official and Commercial Samples. 


The work carried out with official or commercial samples chiefly concerns 
the juices of lemon and lime, on account of their use in the rationing of armies, 
arctic expeditions etc. and the consequent urgent need during the late war 
for exact information as to their anti-scorbutic value. 

Tests have been carried out with a number of official samples as supplied 
to the Army and Navy, obtained through the authorities. Various commercial 
samples preserved by different methods have also been tested. Details with 
regard to a number of such samples have already been published [Chick, 
Hume and Skelton, 1918, 1]; a few more tests of special samples are added 
here and the tests of a certain number of similar samples of lemon juice. 

Acknowledgments are here made to Messrs L. Rose & Co. and to Messrs 
Evans Sons, Lescher & Webb for their kindness in supplying samples and 
furnishing data as to age and method of preparation. 

In view of the proved inferiority of lime juice to lemon juice in the fresh 
state and the uselessness of the preserved lime juices, and having regard also 
to the promising results obtained with preserved lemon juice, it was recom- 
mended to the authorities that steps might be taken to substitute lemon 
juice for lime juice in supplies to the Army and Navy, thus reverting to the 
usage of the early part of last century. In response to this suggestion, samples 
of lemon juices submitted to the authorities have been tested on their behalf. 

Since there is some evidence that greater care in the method of preserva- 
tion will allow retention of more of the anti-scorbutic potency, careful com- 
parison has also been made of the above-mentioned lemon juice with lime 
juice specially prepared by Messrs Rose, on exactly the same lines as were 
recommended and adopted in preparing the samples of lemon juice. 


Al. Official and Commercial Samples of Lime Juice. 


Reference to the table given by Chick, Hume and Skelton [1918, 1, Table I] 
shows that of six samples of crude lime juice examined, none showed any 
protection in 5 cc. daily doses, save two samples (Nos. 3 and 4 in table) which 
did show some small degree of protection. In the case of two of the samples 
however, even a 10 cc. daily dose conferred no protection. 

Two further samples, Nos. 7 and 8, were examined in the course of the 
present work and yielded a similar result. These were both crude juice 
supplied by Messrs Rose; the one (No. 7) was prepared from ripe limes in the 
usual way save that none of the essential oil of the rind was removed before 
crushing and squeezing; the whole fruit was squeezed right out and the juice, 
containing more than the usual amount of essential oil, was run straight into 
the casks for export; two animals on 5 cc. and two on 10 ce. of this material 
all showed scurvy. 

The second sample (No. 8) was ordinary crude lime juice containing no 
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more than the normal amount of essential oil but prepared from green limes 
instead of ripe ones. Four animals received 5 cc. of it daily and all showed 
scurvy. In neither of these cases was the juice more than 2-3 months old 
when the experiment started. 

A third sample (No. 9) was prepared with especial care by Messrs Rose 
so as to be comparable with the special sample of lemon juice submitted on 
behalf of the War Office. The material appeared to be crude juice containing 
the rind oil and 0-07 % SO,, added as preservative. This sample of lime 
juice gave the best result ever obtained with lime juice. The lowest value 
hitherto obtained for the minimum daily dose of lime juice needed to protect 
a guinea-pig from scurvy is 5 cc., even with juice expressed from imported, 
though not very fresh limes. With this dose not all guinea-pigs were pro- 
tected. The special sample, at present under consideration, gave a value 
rather less than 5 cc., all animals on 5 cc. being perfectly protected; animals 
on 2-5 ec. all showed scurvy. The inferiority of lime juice is thus still upheld, 
though in this special case it is considerably less marked than in any other 
sample ever tested. 


A 2. Official and Commercial Samples of Lemon Juice. 


Four different samples were examined and of these three gave good results, 
showing a far higher degree of protection on a 5 cc. dose than did the com- 


mercial samples of lime juice. 

No. 10 was a sample of lemon juice prepared by Messrs Rose for the 
War Office, squeezed with the rind oil and with SO, = 0-1 % as preservative. 
This sample corresponds with the lime juice sample No. 9. Protection was 
obtained in two cases, and a doubtful result in the third case with a 1-5 cc. 
daily dose of this material, a result practically equal to that obtained with 
the freshly expressed juice. 

No. 11. Lemon juice, expressed without the rind oil, preserved in Messina 
with 0-25 gal. sulphurous acid to 100 gals. of juice. This juice had been 
kept for at least six months at room temperature. Only a 5 cc. daily dose was 
administered and this gave undoubted protection in three cases out of four, 
the fourth being uncertain. Considerable loss may therefore have taken place 
but it cannot have been by any means complete. 

No. 12. A lemon juice sample furnished by Messrs Evans Sons, Lescher 
& Webb. It was received in October from lemons squeezed in the preceding 
spring in Sicily. No preservative was added and apparently none of the rind 
oil. Only 5 ec. and 10 cc. daily doses were administered and in each case no 
scurvy developed. Loss, if it had taken place, was therefore not great. 

No. 13. A sample of “Kia-Ora” lemon squash, bought in a shop. The 
history was unknown. Sugar had been added. Doses of 5 and 10 cc. showed 
no protection from scurvy. This sample therefore ranks with the commercial 
samples of lime juice, all the other lemon juices being very much superior. 

It is quite clear from the results so far given that lemon juice is much 
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more potent anti-scorbutically than lime juice. It is not however possible to 
make an accurate quantitative comparison of the keeping capacities of the 
two, for it is easy to give to guinea pigs a 5 cc. dose of lemon juice, which 
gives the information whether lemon juice has lost two-thirds of its anti- 
scorbutic value or not, but it is impracticable to give 15 cc. of lime juice, 
which is the daily dose necessary in order to obtain the same information 
about lime juice. 


B. Preservation of Special Samples. 


The foregoing experiments show clearly (a) that orange and lemon juice 
are more potent as anti-scorbutics than lime juice, and (b) that they are on 
this account more suitable material for use in keeping experiments where 
gradual loss of anti-scorbutic potency is to be anticipated. 

Samples of lemon juice prepared from fresh fruit were stored in the Lister 
Institute refrigerator, without addition of any preservative. They were tested 
after an interval of seven months, and it was found that a daily dose of 5 ce. 
conferred almost complete protection on a guinea-pig. Such juice retained 
its value even after fermentation of the sugar had taken place, a 5 cc. daily 
dose again conferring considerable protection. This result stimulated further 
the enquiry into the methods of preserving and keeping lemon juice, and 
experiments have been carried out with juice prepared in the laboratory, 
while others are still in progress. As it was believed that the temperature at 
which the juice was stored would make considerable difference to the anti- 
scorbutic, as well as to the gross keeping capacity of the juice, samples were 
stored at different temperatures. Experiments with samples of lemon juice 
preserved with varying percentages of sulphite and with the rind oil and of 
orange juice with the rind oil are also given. 


Bl. Preservation of Lemon Juice by means of “ Sulphite” 
(potassium metabisulphite). 


The juice was expressed from carefully selected fruit, exactly in the 
manner described for fresh fruit juices. Quantities of from 20 to 30 litres 
were prepared at one time and the process occupied one or two days. The 
sulphite was added in 10 % aqueous solution, the juice being stirred vigorously 
to ensure complete mixing. The juice was bottled immediately, stoppers or 
corks being sealed with wax so as to be airtight. Two strengths of preservative 
were tried giving final concentrations of 0-06 % and 0-09 % sulphite in the 
juice. In the case of a sample of juice to be kept at a higher temperature 
0-1 % sulphite was used. It has been found that juice preserved with sulphite 
does not keep well after bottles have once been opened, hence it is best to 
store it in bottles containing quantities suitable for a single experiment. 
Sterilising of bottles previous to filling made no appreciable difference and 
was accordingly dispensed with. 
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Samples of this material have been stored for periods of many months, 
under the following conditions: , 

(a) At ordinary room temperature (12° to 25°), in a dark cupboard in 
a corridor, not subjected to sunlight. 

(6) In a hot room at 37°. 

(c) In the Lister Institute refrigerator, where the temperature was usually 
slightly above 0° but ranged from — 3° to 4°, once falling as low as — 5° and 
once (owing to a breakdown) for a week rising to 18°. In winter the juice 
was occasionally frozen. 

The preserved juice is a clear pale yellow liquid containing a small amount 
of curdy sediment. When efficiently sealed the material does not darken 
perceptibly after 12 months’ keeping in the cold room or at room temperature, 
but in the hot room considerable darkening takes place in the course of a 
few weeks although the juice continues for some time to remain good as far 
as taste and smell are concerned; ultimately however it becomes bad and quite 
unpalatable. The samples to be tested were removed from the place of storage 
at the beginning of the experiment and kept in the refrigerator while the 
experiment progressed. 

Tests have been carried out as shown below. 


(a) Lemon juice preserved with sulphite, kept at room temperature. 


1. Material preserved with 0-06 %, sulphite. 


Two batches of this material were made. The first batch (No. 14) had 
been entirely used up after eight months; a second batch (No. 15) was therefore 
made for further keeping. 

Age 3} to 5 months (No. 14). After 34 to 4 months, a 2-5 cc. daily dose 
failed to protect. After 4 to 5 months a 5 cc. daily dose failed to protect, but 
the juice appeared to have gone bad, probably due to faulty sealing and all 
the four animals used developed scurvy as though no anti-scorbutic had been 
given. On the 19th and 25th days respectively, two of them had their doses 
replaced by 5 cc. of the juice left over from the last experiment. This seemed 
to check falling weight in one case but after 14 days both the animals showed 
advanced scurvy, being thin and miserable. Their dose was then changed 
to 5 cc. of juice from an unopened bottle of the same material. After 14 days 
the condition of both animals improved remarkably; there was rise of weight 
and the use of the hind limbs was regained; they were then killed and showed 
good condition and repair of bone lesions. 

Thus a 5 cc. daily dose, after four months’ keeping at room temperature, 
is in some cases sufficient to effect a cure in cases of advanced scurvy. This 
indicates a deterioration to about one-third of the original value. 

Age 6 to 10 months (No. 14). A 5cc. daily dose gave almost complete 
protection. Of the four animals used, one died from disease other than scurvy 
in 30 days. Three animals completed the experiment (88-90 days). There 
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was evidence of slight scurvy, some fragility of bones and slight haemorrhage 
being found at post mortem. 

A further test was carried out using 10 cc. daily. Only one animal was 
employed. It never made very good growth, remained thin and in poor 
condition and died after 61 days. Slight fragility of bones was found, but 
the animal was protected from scurvy. 

None of the above-mentioned animals received more than 60 cc. of auto- 
claved milk daily. Animals receiving large daily rations of the juice preserved 
with sulphite never made good growth and failed to reach the weights attained 
by normal animals or by those on small rations of fresh juice. In subsequent 
experiments the animals received a larger milk ration and the doses of lemon 
juice were half neutralised with sodium carbonate. 

Age 18 to 22 months (No. 15). Animals receiving a 5 cc. and a 2-5 ce. daily 
dose showed good health after 60 days; the experiment was unfinished at the 
time of going to press but it seemed likely that the 2-5 cc. daily dose would 
afford protection, showing that in this case after nearly two years’ keeping 
at room temperature, lemon juice preserved with 0-06 % sulphite, in some 
cases at any rate, retains at least three-fifths of its anti-scorbutic potency 
(the average minimum protective dose of fresh lemon being 1-5 cc.). 


2. Material preserved with 0-09 % sulphite. 


Age 7 to 12 months (No. 16). At seven months a 5 cc. dose effected pro- 
tection. At 12 months a 2-5 cc. dose failed to do so. 

Age 19 to 21 months (No. 16). At 19 months a 5 cc. dose failed to protect. 
At 21 months two animals on a 10 cc. dose were in good health after 50 days 
of experiment; the experiment was still unfinished at the time of going to 
press. 

Material preserved nearly two years with 0-09 % sulphite at room tem- 
perature therefore, in this particular set of experiments, showed signs of slow, 
steady deterioraticn down to one-fifth or one-sixth of its original value (taking 
the minimal dose of fresh lemon juice as 1-5 cc.). The various results with 
lemon juice preserved with sulphite are however rather inconsistent and the 
different points are more fully discussed later. 


(6) Lemon juice preserved with sulphite, kept at 37°. 


This material was prepared in April 1918 and contained 0-1 % of sulphite. 
Tests were carried out after three months’ keeping, when the juice was already 
very dark in colour and after 28 months. 

Age 3 months (No. 17). Four animals received 5 cc. daily. One of these 
died from infection after 30 days but it is doubtful whether scurvy was 
beginning. Another animal showed complete protection from scurvy after 
67 days. The remaining two survived for 89 days, one with slight scurvy and 
the other with severe scurvy, the onset of which dated from about the 67th day. 
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Although insufficient for complete protection the 5 cc. dose was of con- 
siderable value. 

Age 28 months (No. 17). There was no evidence of any protection when 
a daily dose of 10 cc. was given, the two animals used dying of scurvy in 
23 to 30 days. Thus the material when kept at a temperature of 37° showed 
no anti-scorbutic value after two years; it was also bad in the gross sense. 


(c) Lemon juice preserved with sulphite, kept in the refrigerator 
(about 0°). 


This material contained 0-06 °% of sulphite and was the same as that used 
as No. 14. Tests were carried out on it after 5 and 27 months’ keeping. 

Age 5 months. A 5cc. daily dose afforded complete protection to four 
animals. 

Age 27 months. A 2-5 ec. daily dose afforded complete protection to two 
animals. Of two animals receiving 5 cc. one was completely protected and one 
which became ill from other causes showed slight symptoms of scurvy; doubt- 
less this anomaly, in which the 2-5 ce. dose appears more effective than the 
5 ec. was due to the interference of intercurrent disease. In the case of this 
material stored for more than two years at about 0°, the anti-scorbutic 
loss seems very slight. 


Summary of results, obtained with lemon juice preserved with sulphite. 


On reference to the details (Nos. 14, 15, 16) of material stored at room 
temperature, it is seen that no daily ration of less than 5 cc. was capable of 
giving adequate protection to a guinea-pig from scurvy, except possibly in 
the case of the unfinished experiment with 2-5 cc., 22 months old (No. 15). 
After the juice had been kept only four months, the 5 cc. dose was barely 
adequate while half this amount was insufficient. Nevertheless, after 18 
months’ keeping, a 5 cc. daily dose of lemon juice containing 0-06 % of sulphite 
afforded complete protection. 

The effect of the time factor during periods of less than three months 
has not been investigated. There is considerable loss of anti-scorbutic within 
this period, since the minimum daily dose of fresh lemon juice is 1-5 cc. daily. 

There is no striking difference corresponding with the different percentages 
of suiphite employed, but the larger amount is probably to be recommended. 

The results contain one striking discrepancy, namely that while 5 cc. of 
lemon juice, containing 0-06 % sulphite, constituted a protective dose after 
18 months’ keeping, the same dose of similar material, containing 0-09 % 
sulphite, was powerless to prevent scurvy. Such inconsistencies as this, con- 
sidered together with the ready tendency of sulphite material to deteriorate 
after exposure to air, suggest that the sulphite method of preservation is 
unreliable, in some cases giving good results but in others failing completely. 

The keeping experiments at higher temperatures were carried out in order 
to test the possibility of preserving lemon juice for use in hot climates. As 
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might be expected, the destruction of anti-scorbutic goes on more rapidly 
than at lower temperatures. Nevertheless the material was not entirely 
useless after three months’ storage, when a daily dose of 5 cc. afforded con- 
siderable protection from scurvy. After 27 months’ storage however, no value 
at all could be detected. 

Preservation at lower temperatures increases the time for which the juice 
will remain efficacious. Extreme limits have not yet been determined. After 
27 months’ keeping, a 2-5 cc. daily dose of material stored in the cold room 
protected a guinea-pig from scurvy. 


B 2. Preservation by means of the Rind Oil. 


Experience with lime juice showed that when the juice is expressed from 
the whole fruit so as to contain the essential oil of the rind it keeps well in 
the gross sense, without the addition of foreign preservatives. It seemed 
probable that this method might also serve for other Citrus fruit juices. Small 
samples of such juice expressed from minced lemons were found to keep well 
in the laboratory so far as taste and smell are concerned. It remained to 
test how far the anti-scorbutic value was at the same time preserved. 

Accordingly large quantities of material were prepared for testing in the 
way already described under the determination of the minimum dose for 
orange and lemon juice with the rind oil. Arrangements were made to carry 
out tests at considerable periods on material stored at room temperature, 
at 37° and at a temperature round about 0° (in the Lister Institute refrigerator) 
in the case of lemon juice, and at 37° and room temperature for orange juice. 
Material from whatever source was, as usual, stored in the refrigerator during 
the actual course of each individual test. 


(a) Lemon juice with the rind oil. 


1. Kept at room temperature. No. 19. 


Material was tested at 44 months, at 12 to 13 months, and 24 to 27 months. 

Age 44 months. A 2-5 cc. daily dose gave full protection showing little or 
no deterioration to have taken place. 

Age 12 to 13 months. Both 2-5 and 5cc. daily doses gave protection, 
showing that after a year at room temperature, little deterioration had still 
taken place. 

Age 24 to 27 months. The material used in this test had not been kept 
for the whole time at room temperature, for the first 10 months it was kept 
at about 0°, later being kept at room temperature. 2-5 cc. failed to give 
protection. 5 cc. dose gave good health up to 60 days and promised to give 
full protection though the experiment was incomplete at time of publication. 

Even after 10 months at about 0° and 14 to 17 months at room temperature, 
therefore, the loss in anti-scorbutic value of lemon juice preserved with the 
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rind oil though perceptible was not very great, and the result compares 
exceedingly favourably with the lemon juices preserved with sulphite, where 
only one specimen gave a similar result while other specimens kept for shorter 
periods failed to protect in larger doses. 


2. Material stored in hot room, 37°. No. 20. 


Under these conditions the juice darkened after a-few weeks, but smelt 
and tasted good after many months. The first samples were not tested till 
after 24 months’ keeping. Two animals received a 2-5 cc. dose, two a 5 cc. 
dose and one a 10 cc. dose. All showed severe scurvy and there was little if 
any sign of protection even in the case of the 10 cc. dose. Further experi- 
ments with this material were therefore abandoned as it was evident that 
the method of preservation was useless at such a temperature as 37°. 


3. Material stored in cold room (“ chilled”; about 0°). No. 21. 


The material was tested for the first time after 26 months’ keeping. Two 
animals receiving 2-5 cc. daily remained in good health for the full period of 
experiment. Lemon juice with rind oil preserved at about 0° does not therefore 
lose a perceptible amount of its anti-scorbutic potency even when so stored 
for more than two years, a property which it shares with the lemon juice 
preserved with sulpbite when that is stored at the same temperature. 


Summary of results with lemon juice preserved with the rind oil. 


The juice preserved in this way at 0° and 37° gives much the same result 
as juice preserved with sulphite. Both show little or no loss of anti-scorbutic 
potency even after two years at 0° and both scarcely appear to retain any 
potency after preservation for two years at 37°. 

It is in the results at room temperature that the material preserved with 
rind oil shows its superiority over that preserved with sulphite. In one case, 
No. 15, the sulphite material appears to be as good, but it evidently cannot 
be relied upon, particularly after the bottle is opened. There is no evidence 
that opening the bottle has any destructive effect upon the rind oil material. 


(b) Orange juice with the rind oil. 

The preparation of the material has already been described under the 
determination of the minimum dose. A portion of the material then tested 
was set aside for keeping and was preserved at room temperature and at 37°. 

Whenever a test was started the portion of material required was kept 
at about 0° until after the test was finished. 


1. Preserved at room temperature. No. 22. 


Aged 16 to 19 months. This material was not tested till it was 16 to 19 
months old. 
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Of two animals on a 3 cc. dose one developed scurvy towards the end of 
the 90 days experiment, the other died from other causes at 63 days without 
signs of scurvy. 

On a 5cc. dose two animals were in good health after 50 days and one 
after 22 days, the experiment was unfinished at time of publication but 
promised well and seemed to suggest that orange juice with the rind oil 
behaves much in the same way as does lemon juice. 


2. Preserved at 37°. No. 23. 


Aged 16 to 17 months. Doses of 2-5, 5 and 10 cc. None of these afforded 
any protection. 

Orange juice preserved with the rind oil does not therefore appear to retain 
its anti-scorbutic potency at 37° any better than does lemon juice preserved 
in the same way or with sulpbite. 


Ill. PREsERVATION oF CHILLED Fruit, ORANGES AND LEMONS. 


At the request of the Food Investigation Board, some tests have been 
carried out in order to determine the extent to which the anti-scorbutic 
principle is retained when fruit is preserved by the chilling process, i.e. cold 
storage at temperatures which do not permit of freezing. 

Carefully selected samples of oranges and lemons have been kept in cold 
storage at a temperature of 2-5 to 5-4°. The fruits were wrapped in paper to 
prevent contact with one another and packed in crates. They were examined 
periodically and any found to be soft or mouldy were removed. Fluctuations 
in the temperature of the storage chamber were registered daily by means 
of a self-recording apparatus. The highest maximum temperature recorded 
during the period of storage was 5-4° and the lowest minimum was 2-5°. 

After periods of several months, a supply of fruit was removed for testing. 
The juice was prepared as described for fresh fruit every other day, and the 
fruit and juice were kept in the Lister Institute refrigerator during the period 
of experiment. 

A. Oranges. No. 24. The fruit was put into storage in May 1919 and 
tests were begun in October, 1919, after five months’ storage. At the periodic 
examinations between these dates, 44 °%, of the original fruit had been re- 
jected. When the testing was begun 96 oranges were available of which only 
11 were perfectly sound; all the rest were partly bad but their juice was’ 
tested. 

Experiments were made with 5 cc., 3 cc. and 1-5 cc. daily doses and were 
continued for 75 days only. Two guinea-pigs were used for each test. With 
all three doses complete protection from scurvy was obtained. 

After five months’ cold storage of the fruit therefore, the anti-scorbutic 
potency of orange juice is not appreciably impaired, since a daily dose of 
1-5 ce. will still protect a guinea-pig from scurvy (minimum dose of fresh 
orange juice 1-5 cc. daily, see p. 90). 
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B. Lemons. No. 25. The lemons were first tested in January 1920, 
after nine months’ cold storage. During this period they became very mouldy 
and at different times 108 out of the orignal 238 were discarded. At the time 
of testing none was completely sound. 

Experiments were made with 1-5 cc., 2-5 ec. and 5 cc. daily doses. With 
the 1-5 cc. daily dose severe scurvy terminated the experiment after 32 days. 
The 2-5 cc. daily dose gave a similar result. Of two animals receiving 5 cc. 
daily, one died from lung haemorrhage after 28 days, distinct scurvy being 
present; the other animal showed sore and painful joints by the 25th day 
and died from severe scurvy after 51 days. 

Thus even the 5cc. daily dose was practically useless, whereas in the 
fresh state a 1-5cc. daily dose of lemon juice affords complete protection 
from scurvy. The test is not satisfactory because the fruit was not prevented 
from becoming mouldy. It was in much worse condition and four months 
older than were the oranges, though neither was in a condition which would 
ordinarily be regarded as edible. It is probably therefore safe to say that the 
juice of oranges and lemons, which are preserved by chilling, does not lose 
appreciably in anti-scorbutic value as long as the fruit is fit for food, but it 
cannot apparently be kept fit for food in a “chilling” cold store for more than 


a very few months. 


CONCLUSIONS AND SUMMARY. 


1. Further experimental evidence is advanced as to the inferiority of 
lime juice to lemon and orange juice as an anti-scorbutic. 

2. The minimum daily doses of the juice of these three Citrus fruits, 
needed to protect a guinea-pig from scurvy are established as follows: 


Lemon ... <> 8G. 
Orange ... sce. OOO; 
Lime nies ... &OceC. 


These values are used as a basis for comparing the keeping properties, as 
anti-scorbutics, of the juice of oranges and lemons. The juice is kept for 
varying times at different temperatures, and in the case of lemon juice 
preservation with sulphite and with the rind oil is tested, and in the case of 
orange juice preservation with the rind oil. 

3. Preservation with sulphite appears to be satisfactory at a low tem- 
perature (about 0°) but at room temperature it seems uncertain and at 37° 
it is useless, the juice becoming bad in the gross sense as well. 

4. Preservation with the rind oil, in case of lemon, is satisfactory and 
reliable at about 0° and at room temperature. With oranges preservation 
by this method at 0° was not tried but at room temperature the result was 
satisfactory. At 37°, both for oranges and lemons, it is as unsatisfactory as 
is preservation with sulphite, though the juice was not as unpalatable as was 


the juice preserved with sulphite. 
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Consequently for 0° and for temperatures about English room temperature, 
preservation with the rind oil is suggested as the most reliable. There is loss, 
but even after two years it is not very great. 

5. Preservation at 37° has not so far beén secured by any method; it is 
possible that could preservation in the gross sense be secured, the anti- 
scorbutic property might also be better preserved; it is suggested that this 
might be attained by boiling the juice first to render it sterile. It has been 
shown by Delf [1920] that to heat orange juice for an hour at 100° does not 
materially diminish its anti-scorbutic potency. 

6. Experiments are also described on the preservation of oranges and 
lemons, kept in a chilling (not freezing) cold store; the results are not quite 
consistent but it appears probable that the anti-scorbutic property is not 
seriously diminished so long as the fruit is edible. 


In conclusion it is my pleasant duty to record my gratitude to Miss Hume, 
who when I was obliged to resume my university work, undertook the task 
of final preparation of this paper for the press. Thanks are also due to 
Miss H. Henderson Smith and to Miss 8. Rutherford for assistance in feeding 
the animals. 

A part of the cost of the research was defrayed by the Medical Research 
Council to whom thanks are also tendered. 
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XI. GLYOXALASE IN AVIAN BERIBERI. 
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A.tTuHouGH the relationship of beriberi to vitamin B has by now been firmly 
established there are still those [ Walshe, 1918] who maintain that the disease 
is in reality a toxaemia. This view is by no means new though the original 
theory has undergone many modifications as our knowledge of beriberi has 
progressed. At present it is believed that in the absence of vitamin B there 
is a breakdown in metabolism, more particularly in regard to the metabolism 
of carbohydrates. Toxins are formed and as a result of their action on the 
central and peripheral nervous systems, there occur changes very similar to 
those seen in other forms of toxic polyneuritis. In support of this hypothesis 
may be cited the curious fact that birds that have been fed on a diet lacking 
in vitamin B develop symptoms of beriberi more rapidly when their diet 
contains an excess of carbohydrate. It may, however, be noted that according 
to Mellanby [1920] carbohydrates have a similar effect in hastening the onset 
of rickets in puppies deprived of vitamin A. So far, however, no toxin has 
been isolated from the blood or tissues of animals suffering from beriberi nor 
has there been demonstrated any interference with the normal metabolism 
of carbohydrates. In order to investigate the carbohydrate metabolism in 
avian beriberi the following experiments were carried out on the glyoxalase 
content of the liver in avian beriberi. Glyoxalase, as was first pointed out by 
Dakin and Dudley [1913, 1], is an enzyme with an important réle in the 
metabolism of sugar. It is widely distributed in nearly all tissues, more 
especially in the liver and muscles and has the power of transforming 
“glyoxals” of various compositions into compounds of lactic acid. In the 
body the chief “glyoxal” so acted upon is pyruvic aldehyde, or as it is 
sometimes called methylglyoxal. Pyruvic aldehyde is an intermediate 
stage between glucose and lactic acid. Glyoxalase also plays a part in the 
conversion of d-alanine to lactic acid, while the relationship of pyruvic 
aldehyde to pyruvic acid is of considerable interest in view of the fact that, 
as pointed out by Smedley [1912], the higher fatty acids can be synthesised 
by starting with pyruvic acid. The presence of glyoxalase in the tissues is 
thus of importance in relation to the metabolism of proteins, fats and carbo- 


hydrates. 
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In the present investigation estimations were made of the glyoxalase 
content of the livers in control pigeons, in pigeons suffering from beriberi 
and in pigeons “cured” of beriberi by the administration of vitamin B. 
Preliminary estimations of the water content. of the livers showed that the 
variation between healthy and beriberic pigeons was practically negligible. 
The glyoxalase was estimated by the method already employed by Dakin 
and Dudley [1913, 2, 3], which consists essentially in allowing a 20 % watery 
extract of the tissues to act on phenylglyoxal, when the phenylglyoxal is 
converted into mandelic acid according to the equation— 

C,H;.CO.CHO + H,O = C,H,;.CH(OH).COOH. 

The mandelic acid is then extracted and estimated by titration in terms 
of V/10 NaOH. 

In the present instance 15 cc. of a 20 % tissue extract were allowed to 
act on 0-1 g. of phenylglyoxal for 24 hours at 37°. The acidity obtained is 


shown in the following table: 
Control Beriberic “Cured” 


pigeons pigeons pigeons 
Experiment 1 4-2 1-9 2-8 
* 2 43 0-9 3-4 
” 3 4-7 2-1 3-0 
Average ... 4-4 1-6 3-1 


It will thus be seen that in pigeons suffering from beriberi there is as com- 
pared with control birds a reduction in the glyoxalase content of the liver 
by more than one-half. The administration of vitamin B produces a definite 
rise in the amount of glyoxalase present. 

Very similar results were obtained in the case of liver catalase by Dutcher 
[1918], who believed that vitamin B acted as a co-enzyme for catalase. An 
attempt was therefore made to determine whether vitamin B acted as a co- 
enzyme for glyoxalase. For this purpose experiments were performed by 
adding vitamin B to a watery extract of the liver of beriberic pigeons. The 
vitamin B was obtained from yeast extract, which had been previously heated 
to 100° for an hour to destroy its glyoxalase. Three grams of this yeast extract 
were then added to the mixture of phenylglyoxal and tissue extract and 
allowed to stand for 24 hours at 37° as before. The average acidity obtained 
from three observations was 1-72, a result scarcely differing from that found 
in beriberic birds. Vitamin B can thus only lead to an increased production 
of glyoxalase when it acts through the intact cell; it cannot therefore be 
regarded as a true co-enzyme of glyoxalase. 

There is thus some evidence to show that in avian beriberi a definite 
breakdown in carbohydrate metabolism occurs though whether such a break- 
down is followed by the production of toxic substances in the tissues is still 
undetermined. 

The writer desires to take this opportunity of thanking Prof. Barger and 
Mr E. Stedman for their kindness in preparing the phenylglyoxal used in 
these experiments. 
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CONCLUSIONS. 


(1) The glyoxalase content of the liver in pigeons with beriberi is less 
than that in control pigeons. 

(2) The administration of vitamin B to a beriberic pigeon is followed by 
an increase in the glyoxalase content of the liver. 

(3) Vitamin B does not act as a co-enzyme of glyoxalase. 
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OXIDISING ENZYMES. IV. THE DISTRI- 
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Tuts and the following paper are a continuation of investigations upon the 
oxidising enzymes of fruits undertaken for the Food Investigation Board of 
the Department of Scientific and Industrial Research. 

In a previous paper [Onslow, 1920] evidence has been given in favour of 
the view that many plants contain a representative of a class of enzymes 
which have been termed oxygenases. It is suggested that these enzymes 
catalyse the autoxidation of aromatic substances having the dihydroxy 
grouping of catechol, that is two hydroxyl groups in the ortho-position. Such 
substances are known to be widely distributed in plants, and certain com- 
pounds of this character, such as catechol, caffeic acid, protocatechuic acid, 
hydrocaffeic acid, etc. have been identified in various genera and species. 

The existence of an oxygenase and its aromatic substrate has already been 
demonstrated in several fruits [Onslow, 1920]. With a view to finding out 
how general the distribution of these enzymes might be, an examination has 
been made of plants selected from a number of orders of the Angiosperms. 
In the case of many orders only one representative has been examined, as the 
object in view was to ascertain how widely oxygenases are distributed; in 
certain cases, however, a number of genera in one order have been tested. 

Since the reactions of oxidising enzymes may be greatly interfered with by 
sugars, tannins, organic acids and other substances, the following procedure, 
already described [Onslow, 1920], has been adopted in making the test. The 
plant tissue is well pounded in a mortar with 96-98 % alcohol and the mixture 
filtered on a filter pump. The process is then repeated once or twice with 
the residue on the filter. ‘In this way the sugars, tannins, etc., are removed, 
but the enzymes are precipitated and retained in the residue. Previous 
observations have shown, however, that in some cases the enzyme is not 
readily extracted from such a residue by water. Hence in testing, the residue 
itself is divided into two portions in two small evaporating basins. One 
portion is stirred with dilute catechol solution, the other with water. In 
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cases where oxygenase is present, browning occurs in the catechol solution 
and is followed by a blue colour on addition of guaiacum solution. (Before 
use, the alcoholic solution of guaiacum should be well boiled with a little 
Merck’s charcoal and filtered. This removes any peroxides which may have 
formed by autoxidation of the guaiacum.) 

If no reaction occurs, the control dish is tested with guaiacum and 
hydrogen peroxide which will determine whether a peroxidase is present or 
not. If the peroxidase should be absent, which is a rare occurrence, it should 
be borne in mind that the reaction for oxygenase cannot take place, even 
though the oxygenase enzyme may be present. 

The total number of species examined was 320 and these constitute a 
selection from the whole of the group of Angiosperms. They represent, 
moreover, 180 Natural Orders and 309 genera. Of the above species, 16 
(t.e. 5%) representing 16 genera and 13 Natural Orders, failed to give a 
peroxidase reaction with hydrogen peroxide and guaiacum. In order to 
ascertain satisfactorily whether they contain oxygenase by the catechol- 
guaiacum test, it would be necessary in these cases to add peroxidase from 
another source. This has not been tried, so that in estimating the percentage 
of “positive orders” (7.e. those containing oxygenase) these 16 species must 
be eliminated. Some of the latter occur in Natural Orders (marked * in the 
following list) of which other representatives have been examined, so that in 
fact only 7 orders remain to be cancelled on the above grounds. They are 
Bruniaceae, Ebenaceae, Empetraceae, Frankeniaceae, Myrsinaceae, Pyrola- 
ceae and Sarraceniaceae. It should strictly be understood that further obser- 
vations on these species, or on additional genera and species, may show that 
these orders might be ranked as positive and they are merely eliminated from 
the present set of observations. 

Taking these revised figures of 304 species, 173 Natural Orders and 
293 genera, the percentages of positive orders are distributed in the various 


sub-groups as follows: 
Percentage of orders 
examined containing 
Angiosperms: oxygenase 
Of the total number of orders (286), 60 % were examined 62 
Monocotyledons: 
64 % examined 
Dicotyledons: 
60 % examined 
Archichlamydeae: 
57 % examined 
Sympetalae: 
71 % examined 


The following is a list of orders examined. Those in italics contain species 
with oxygenase, i.e. are positive orders. The numbers in brackets denote the 
species examined; the second numbers the species with oxygenase. 
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MoNOCOTYLEDONEAE. 


PANDANALES. Typhaceae (1), 0; Pandanaceae (2), 2; Sparganiaceae (1), 1. 

HELOBIAE. Potamogetonaceae (1), 1; Aponogetonaceae (1), 0; Scheuchzeriaceae (1), 0; Alismaceae 
(1), 1; Butomaceae (1), 1; Hydrocharitaceae (1), 1. 

GLUMIFLORAE. Gramineae (1), 1; Cyperaceae (1), 1. 

Princrres. Palmae (1), 1. 

SynanTHAE. Cyclanthaceae (1), 1. 

SPATHIFLORAE. Araceae (1), 1; Lemnaceae (1), 1. 

Fartnosak. Bromeliaceae (2), 1; Commelinaceae (1), 1; Pontederiaceae (1), 0. 

LILIFLORAE. Juncaceae (1), 1; Stemonaceae (1), 1; Liliaceae (3), 0; Amaryllidaceae (2), 0; Tacca- 
ceae (1), 1; Dioscoreaceae (1), 1; Iridaceae (1), 0. 

ScrraMINEAE. Musaceae (1), 1; Cannaceae (1), 1; Marantaceae (1), 1. 

MicrosPERMAE. Orchidaceae (1), 1. 


DicoTyLeponEAE (Archichlamydeae). 


VERTICILLATAE. Casuarinaceae (1), 1. 

PreeRALes. Piperaceae (1), 1; Chloranthaceae (1), 1. 

SatrcaLes. Salicaceae (2), 2. 

GARRYALES. Garryaceae (1), 1. 

JUGLANDALES. Juglandaceae (1), 1. 

FaGates. Betulaceae (1), 0; Fagaceae (2), 0. 

UrticaLes. Ulmaceae (1), 1; Moraceae (2), 2; Urticaceae (1), 1. 

PrRoTEeALes. Proteaceae (1), 1. 

SanTALALEs. Santalaceae (1), 1; Olacaceae (1), 0; Loranthaceae (1), 1. 

ARISTOLOCHIALES. Aristolochiaceae (1), 1. 

PoLyGONALES. Polygonaceae (1), 0. 

CENTROSPERMAE. Chenopodiaceae (3), 2; Amarantaceae (1), 0; Nyctaginaceae (1), 1; Phyto- 
laccaceae (1), 0; Aizoaceae (1), 1; Basellaceae (1), 1; Caryophyllaceae (4), 1. 

RaNnaLes. Nymphaeaceae (1), 0; Ranunculaceae (11), 9; Lardizabalaceae (1), 1; Berberidaceae* 
(1), 1; Menispermaceae (1), 1; Magnoliaceae (1), 1; Calycanthaceae (1), 1; Anonaceae (1), 1; 
Lauraceae (1), 1. 

RHOEADALES. Papaveraceae (4), 4; Capparidaceae (1), 0; Cruciferae (8), 0; Resedaceae (1), 0; 
Moringaceae (1), 1. 

SARRACENIALES. Nepenthaceae (1), 0. 

Rosas. Crassulaceae (1), 0; Saxifragaceae* (3), 1; Pittosporaceae (1), 1; Hamamelidaceae (1), 0; 
Eucommiaceae (1), 0; Platanaceae (1), 1; Rosaceae (17), 17; Leguminosae (5), 0. 

GERANIALES. Geraniaceae* (1), 0; Oxalidaceae (1), 0; Tropaeolaceae (1), 0; Linaceae (1), 1; 
Erythroxylaceae (1), 1; Zygophyllaceae (1), 0; Rutaceae (2), 0; Simarubaceae (1), 0; Meliaceae 
(1), 0; Malpighiaceae (1), 0; Polygalaceae (1), 0; Euphorbiaceae (2), 0; Callitrichaceae (1), 1. 

SAPINDALES. Buxaceae (1), 0; Coriariaceae (1), 0; Anacardiaceae (1), 1; Corynocarpaceae (1), 0; 
Aquifoliaceae (1), 1; Celastraceae (1), 0; Staphyleaceae (1), 0; “Aceraceae (1), 0; Hippo- 
castanaceae (1), 1; Sapindaceae (1), 0; Melianthaceae (1), 0; Balsaminaceae (1), 0. 

RHAMNALES. Rhamnaceae (1), 0; Vitaceae (2), 2. 

Matvaues. Elaeocarpaceae (1), 0; Tiliaceae (1), 0; Malvaceae (2), 0; Sterculiaceae (2), 2. 

PaRIETALES. Dilleniaceae (1), 0; Hucryphiaceae (1), 1; Ochnaceae (1), 1; Marcgraviaceae (1), 1; 
Theaceae (1), 1; Guttiferae (1), 1; Tamaricaceae (1), 0; Cistaceae (1), 0; Violaceae (1), 0; 
Flacourtiaceae (1), 1; Stachyuraceae (1), 1; Passifloraceae (1), 0; Caricaceae (1), 0; Loasaceae 
(1), 1; Datiscaceae (1), 0; Begoniaceae (1), 0. 

OPuUNTIALES. Cactaceae (3), 3. 

MyYRTIFLORAE. Thymelaeaceae (1), 0; Hlaeagnaceae (1), 1; Lythraceae (1), 0; Punicaceae (1), 0; 
Alangiaceae (1), 1; Combretaceae (1), 0; Myrtaceae (1), 0; Onagraceae (2), 0; Hippuridaceae 
(i 

UMBELLIFLORAE, Araliaceae (2), 2; Umbelliferae (5), 5; Cornaceae (2), 1. 
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DicoTYLEDONEAE (Sympetalae). 
Ertcaues. Clethraceae (1), 1; Ericaceae* (4), 3; Diapensiaceae (1), 0. 
PrrmvuLaLes. Theophrastaceae (2), 0; Primulaceae* (3), 0. 
PLUMBAGINALES. Plumbaginaceae (1), 0. 
EBENALES. Sapotaceae* (1), 0; Styracaceae (1), 1. 
ContorTAkE. Oleaceae (3), 3; Loganiaceae (1), 1; Gentianaceae (2), 2; Apocynaceae (3), 2; As- 

clepiadaceae (1), 1. 

TUBIFLORAE. Convolvulaceae (1), 1; Polemoniaceae (3), 2; Hydrophyliaceae (1), 1; Boraginaceae 

(4),4; Verbenaceae (2), 2; Labiatae (3), 3; Nolanaceae (1), 1; Solanaceae (7), 7; Scrophulariaceae 

(14), 14; Bignoniaceae (1), 1; Martyniaceae (1), 1; Orobanchaceae (1), 1; Gesneriaceae (6), 6; 

Globulariaceae (1), 1; Acanthaceae (1), 1; Myoporaceae (1), 1. 

PLANTAGINALES. Plantaginaceae (1), 1. 

RusraLes. Rubiaceae (2), 2; Caprifoliaceae (5), 5; Valerianaceae (1), 1; Dipsacaceae (2), 2. 
CucuRBITALES. Cucurbitaceae (2), 1. 

CAMPANULATAE. Campanulaceae (2), 0; Compositae (13), 13. 

The observations recorded give an idea of the extent to which the enzymes 
of the oxygenase type are distributed, and, on the whole, there appears to be 
a connection between systematic relationship and the presence of oxygenase. 
Either the presence, cr absence, of these enzymes is frequently characteristic 
of an order. A certain percentage of orders, on the other hand, has been found 
to contain both positive and negative, genera, and this percentage would 
probably increase if more genera were examined. No definite case of positive 
and negative species within a genus has been noted, but the data on this 
point are very limited. 

The conclusions which may be drawn are as follows. Enzymes of the 
oxygenase type are present in the aerial parts of about 62 % of the orders 
of Flowering Plants examined!. Considering the groups in detail, they are 
widely distributed in the Monocotyledons (76 % of the orders examined); in 
the Dicotyledons, they are less frequent in the Archichlamydeae (51 %) than 
in the Sympetalae (84 °%). In most of the great cohorts of the Archichlamydeae 
there is a mixture of positive and negative orders in practically equal numbers, 
but in the Sympetalae nearly all the orders are positive. It has been suggested, 
on botanical evidence, that the main lines of evolution among the Sympetalae 
had their origin among the Archichlamydeae. It would appear that the 
presence of an oxygenase system is characteristic of plants of the dominating 
lines of evolution among the Dicotyledons, as practically all the most highly 
developed orders are positive. Hence these lines may have taken origin from 
positive stock among the Archichlamydeae. 

Though on the whole there is a distinct correlation between presence of 
oxygenases and systematic relationship, it appears possible that in any genus 
or species there may be lack of an oxygenase due to some form of metabolism 
peculiar to that individual. This may not indicate a different origin phylo- 
genetically, as for instance the case of the Campanulaceae, which, though 

1 Many of the remaining orders uninvestigated are rare and it is difficult to obtain repre- 


sentative genera; or they may contain only a few genera. All the larger and widely represented 
orders have been considered. 
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negative, are doubtless related to phyla and groups which are character- 
istically positive. 

The extent of the distribution of the catechol substances which act as 
substrates for the oxygenases has not been so widely investigated. About 
30 species, mostly of different genera, which give the oxygenase reaction have 
been found to contain substances giving the catechol reaction. About 15 
species, also chiefly representatives of different genera, which give no oxygenase 
reaction were found to be devoid of catechol compounds. No case has been 
noted yet in which oxygenase is present and no catechol compound, though 
the converse, absence of oxygenase and presence of catechol compound, 
appears to be true of one or two plants examined. 

In the 38 % of negative orders, presumably the oxygenase-catechol system 
is absent. With respect to this the following points may be considered. It 
has already been insisted upon repeatedly that water extracts of tissues are 
usually quite unreliable as material for testing. The same may be true of 
the actual tissue itself, owing to inhibiting substances present. Even after 
treatment with alcohol, the readiness with which the tissue residue gives the 
catechol-guaiacum reaction varies within very wide limits. Hence it is con- 
ceivable that in negative species there may still be some inhibitor in the. 
tissue residue, or some inhibiting condition in the experiment, and that the 
presence of the system cannot be detected by the enzyme method. The 
enzyme, catalase, might represent such an inhibitor; though almost universally 
distributed, it might under certain conditions decompose all available peroxide. 
Experiments to detect such inhibitors have not been successful. Additional 
determinations of the presence or absence of catechol compounds in negative 
cases would decide whether the system is absent altogether or not. 

Browning and discoloration of the tissues, occurring after death brought 
about by mechanical injury, chloroform vapour, etc., which was originally 
thought to accompany the presence of the oxygenase-catechol system, has 
been found not to be an infallible guide, as it may be inhibited in the same 
way as the guaiacum reaction. It may also occur in plants in which no 
oxygenase could be detected (Vicia, Aucuba) and this point will be referred 
to again. 

It should be borne in mind that the discoloration of tissues, when it does 
occur, is probably not only due to the oxidation of the catechol compounds 
but may be augmented by the oxidation of any other aromatic substances 
present in the tissue. For the system, peroxide-peroxidase, when once estab- 
lished, can oxidise compounds of the most varied types. 

Examinations, on a considerable scale, of the guaiacum reaction with 
plant juices have been conducted by Passerini [1899] and also by Clark [1911]. 
The former observer examined representatives of about 49, the latter of about 
72 orders. Their results agree on the whole with those described here, though 
fewer direct reactions were obtained on account of fresh juices and water 
extracts having been employed by them. 
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In the examination described in the present paper, leaves and leafy 
shoots were nearly always used as material. Usually the enzyme and substrate 
are more or less distributed throughout the plant. In some cases as in the 
raspberry (Rubus Idaeus), the blackberry (R. fruticosus) and the tomato 
(Solanum Lycopersicum) it was noted that the fruit is negative though the 
plant is positive. In one case, the fig (Ficus Carica), it was noted that the 
fruit was positive and the leaves negative. 

No roots have been examined. Passerini examined various roots and with 
respect to these organs positive results are recorded by him for species de- 
scribed as negative in the present paper. Possibly root examination might 
throw further light on distribution. 

As far as evidence goes, the conclusion may be drawn that catechol 
oxygenases, and most probably catechol compounds also, are widely dis- 
tributed among the Flowering Plants. Their distribution is not apparently 
correlated with any particular habit or morphological characteristic, as it 
occurs alike in water and land plants, in trees, shrubs and herbs, in annuals 
and perennials, in parasites, etc. The only outstanding fact is the almost 
universal presence of oxygenase in the most highly developed orders, of which 
the herbaceous, in contrast to the woody, habit is also a characteristic. Hence 
there is the possibility that there may be a connection between the herbaceous 
habit and the distribution of the catechol-oxygenases. 

The physiological significance of the catechol-oxygenase system is obscure. 
It is no doubt of the nature of those described by Palladin and others as 
being involved in respiration processes; such systems, by means of converting 
molecular into active oxygen, may oxidise substances produced in respiration. 
If so, one would expect to find the oxygenases universally distributed. No 
evidence has yet been obtained of an extensive distribution of any other 
similar system. The bean (Vicia Faba) and the Aucuba Laurel (Aucuba 
japonica), however, blacken after death and apparently do not contain a 
catechol oxygenase. Hence they and other plants may contain a different 
type of oxidising enzyme. 

SUMMARY. 

(1) Representatives of a number of orders of the Angiosperms (about 
60 % of the total) were examined for an oxygenase which would catalyse 
the oxidation of catechol. About 62 % of the orders examined were found 
to contain species with such an enzyme. 

(2) With regard to sub-groups of the Angiosperms, such oxygenases are 
widely distributed in the Monocotyledons, being present in 76 % of the orders 
examined. In the Dicotyledons such enzymes are less frequent in the Archi- 
chlamydeae (51 % of the orders examined) than in the Sympetalae (84 % of 
the orders examined). 
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Tue following is an account of the examination for oxidising enzymes of a 
further selection of fruits. 

The results are in general accordance with those already obtained [Onslow, 
1920]. Of the fruits examined, the following were found to contain the com- 
ponents of an oxidase: cherry, peach, apricot, medlar, strawberry, grape, fig 
and mulberry. In others, the blackberry, red currant, black currant, goose- 
berry, grape fruit, pomegranate, pineapple, melon and tomato, only a pet- 
oxidase could be detected. These results are not contrary to what may be 
expected on the basis of natural classification; they also exemplify a point 
mentioned in the former paper, that the enzyme content of the fruit is not 
always the same as that of the plant itself. Blackberry and tomato leaves, 
for instance, contain an oxidase, whereas the ripe fruit does not. 

The experimental methods employed were those described in the author’s 
previous paper [Onslow, 1920]. Pieces of fresh tissue of the fruits were placed 
in guaiacum tincture, both with and without hydrogen peroxide; also in 
solutions of benzidine and of.a-naphthol, both with hydrogen peroxide. Water 
extracts of the tissues (after neutralisation, if acid) were also tested with the 
same reagents. To remove inhibitors, fresh tissue was pounded thoroughly 
with 96-98 % alcohol, sucked dry on a filter funnel, and the process repeated. 
The residue (“tissue residue”) was extracted with water; the filtrate (“en- 
zyme extract”) was tested for peroxidase with guaiacum and hydrogen 
peroxide (and if this test were negative, with benzidine and hydrogen per- 
oxide), and for oxygenase (peroxidase being present) with catechol solution 
and guaiacum. If the extract failed to give any reaction, the tissue residue 
itself was suspended in the reagents. Finally, a hot alcoholic extract of the 
fruit was made, filtered, and the alcohol distilled off in vacwo. The residue 
was precipitated with solid lead acetate, and the precipitate formed filtered 
off. The latter was decomposed with the minimum amount of dilute sulphuric 
acid, filtered from lead sulphate and neutralised. This extract (“aromatic 
extract’) was tested for the catechol reaction, and, if positive, was treated 
with enzyme extract (or tissue residue if the extract gave no result) and 
guaiacum. If organic acids and tannins were present, the former were pre- 
cipitated with calcium chloride and alcohol, the latter with gelatin. 


Bioch. xv 













114 M. W. ONSLOW 


Some points which have already been mentioned in previous papers may 
be again emphasised. First, discoloration of tissues cannot be relied upon in 
every case for an indication of the presence of the system. The simultaneous 
presence of a certain amount of various substances, such as tannins, organic 
acids, sugars, etc., may inhibit the discoloration, though the components 
for its production are present. This is true, for instance, of the apricot, of 
which the flesh does not discolour on injury, though the enzyme system 
present is similar to that in the peach, plum, cherry and many others, all of 
which do discolour on injury. 

A second point to be emphasised is that inhibitors may, in the same way, 
render water extracts of tissues, or even the tissue itself, quite unreliable 
material with which to test for enzymes. The tissues should be extracted with 
alcohol which removes the inhibiting substances and precipitates the enzymes 
in the tissue residue. 

A third point is that in some fruits it is difficult or impossible to extract 
the enzymes from the tissue residue; hence the action of the peroxidase on 
guaiacum, and of the oxygenase on catechol or the plant aromatic substance, 
can only be demonstrated by placing the tissue residue itself in the solution. 
Fruits which show this phenomenon contain tannin, and it is suggested that 
the tannin may cause precipitation and adsorption of the enzymes, thereby 
rendering them less soluble. This phenomenon is shown in various degrees 
by the medlar, quince, cherry and apple. 

A similar phenomenon was also observed in another type of fruit, namely 
that in which the tissues are much disintegrated on ripening, and in which 
there is frequently much pectin substance. Such are the strawberry, goose- 
berry, red and black currants and, to some extent, the grape. From the 
tissue residue consisting chiefly of pectinogen, either no or very little extrac- 
tion of enzymes could be obtained with water in the case of the gooseberry and 
currant; neither peroxidase nor oxygenase could be extracted from the 
strawberry and only peroxidase from the grape. 

Employing the above methods, the following results have been obtained: 


X. The cherry, Prunus Cerasus (Rosaceae), contains an oxidase (oxy- 
genase, catechol substance and peroxidase). 


A slightly pigmented variety was used. Discolours on injury. Tissues and their water extract: 
guaiacum alone and benzidine (H,O,), positive; a-naphthol (H,0.), negative. Water extract of 
tissue residue: peroxidase and oxygenase reactions, positive. Aromatic extract: catechol reaction, 
positive; added to enzyme extract (or tissue residue) and guaiacum, negative. After precipitation 
with calcium chloride and alcohol, again added to tissue residue and guaiacum, positive. Tannin 


present. 


XI. The peach, Prunus Persica (Rosaceae), contains an oxidase. 


Discolours on injury. Tissues and their water extract: guaiacum alone and other two tests, 
positive. Water extract of tissue residue: peroxidase and oxygenase reactions, positive. Aromatic 
extract: catechol reaction, positive; added to enzyme extract (or tissue residue) and guaiacum, 
negative. After precipitation with calcium chloride and alcohol, again added to enzyme extract 
and guaiacum, positive, 
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XII. The apricot, Prunus Armeniaca (Rosaceae), contains an oxidase. 


Does not discolour on injury. Vissues and their water extract: guaiacum alone and other two 
tests, positive. Water extract of tissue residue: peroxidase and oxygenase reactions, positive. 
Aromatic extract: catechol reaction, positive; added to enzyme extract and guaiacum, positive. 


XIII. The medlar, Mespilus germanica (Rosaceae), contains an oxidase. 
The oxygenase cannot readily be extracted by water from the tissue residue, 
but reacts as if adsorbed to this residue. Sufficient peroxide is formed in a 
water extract of the crushed tissues to give a reaction with benzidine alone!. 

Fruit examined in October before it becomes soft. Discolours rapidly on injury. Tissues and 
their water extract: guaiacum alone and other two tests, positive. Water extract, positive reaction 
with benzidine alone. Water extract of tissue residue: peroxidase reaction, positive; oxygenase 
reaction, negative. Tissue residue: oxygenase reaction, positive. Aromatic extract: catechol 
reaction, positive; added to tissue residue and guaiacum, negative. Tannin present. Precipitation 
with calcium chloride and alcohol not tried. 


XIV. The strawberry, Fragaria elatior (Rosaceae), contains an oxidase, 
though the reactions are not very readily obtained. Neither the oxygenase 
nor the peroxidase can be extracted by water from the tissue residue, but both 


act as if adsorbed to the residue. 

Does not discolour on injury. Tissues: all three tests negative. Water extract (after neutralisa- 
tion): all three tests negative. Water extract of tissue residue. If fruits are smashed and squeezed 
through muslin to remove seeds, and juice and pulp stirred up with excess of alcohol, a bulky 
gelatinous precipitate of pectinogen mixed with tissue residue is obtained. Treated again with 
alcohol. Residue is largely pectinogen and swells up in water, but water extract is negative for 
peroxidase and oxygenase reactions. Tissue residue: peroxidase and oxygenase reactions, positive 
though not given very readily. Aromatic extract: catechol reaction, positive though abnormal; 
added ‘to tissue residue and guaiacum, negative. After treatment with calcium chloride and 


alcchol, still negative. 


XV. The blackberry, Rubus fruticosus (Rosaceae), contains a peroxidase. 


All colour reactions difficult on account of anthocyan pigment. Water extract of tissue residue : 
all three tests negative. Tissue residue: only benzidine (H,O,) positive. Aromatic extract: catechol 
reaction, doubtful owing to the presence of an iron-blueing substance, probably a tannin. 


XVI. The red currant, Ribes rubrum (Saxifragaceae), contains a per- 
oxidase. This cannot be extracted by water from the tissue residue but 
behaves as if adsorbed to the residue. 

Does not discolour on injury. Tissues: guaiacum (H,0,), negative; other two tests positive. 
Water extract (after neutralisation): only benzidine (H,O,) positive. Water extract of tissue residue: 
peroxidase and oxygenase reactions, negative. Tissue residue: benzidine (H,O0,) and a-naphthol 
(H,0,), positive. Aromatic extract: catechol reaction, negative. 


XVII. The black currant, Ribes nigrum (Saxifragaceae), contains a per- 
oxidase. This cannot be extracted by water from the tissue residue but 
behaves as if adsorbed to the residue. 


Colour reactions difficult on account of anthocyan pigment. Water extract of tissue residue: 
peroxidase and oxygenase reactions, negative. Tissue residue: only benzidine (H,O,) positive. 


1 The experiment of adding a solution of catechol oxidised by an oxygenase, together with a 
peroxidase, to benzidine has also been tried with a positive result. 
= 
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XVIII. The gooseberry, Ribes Grossularia (Saxifragaceae), contains a 
peroxidase. As in the case of the currant, it cannot be extracted from the 


tissue residue. 


Both red and green varieties used, and reactions may vary with the variety employed. Does 
not discolour on injury. Tissues: guaiacum (H,O,), negative; other two tests, positive. Water 
extract of tissues (from green variety after neutralisation): two latter tests positive. Water extract 
of tissue residue: peroxidase and oxygenase reactions, negative. Tissue residue (tested only in 
red variety): all peroxidase tests positive. Aromatic extract: catechol reaction, negative. 


XIX. The grape fruit, Citrus decumana (Rutaceae), contains a per- 
oxidase. 


Tissues: (rind), all peroxidase tests positive; (flesh), two latter only positive. Water extract 
of tissues (after neutralisation): almost completely negative results. Water extract of tissue residue: 
only benzidine (H,O,) positive. Tissue residue: all peroxidase tests positive. Aromatic extract: 
catechol reaction, negative. 


XX. The pomegranate, Punica Granatum (Punicaceae). The inner tissues 
contain a peroxidase. A substance giving the catechol reaction is present 
and is probably a tannin. 


Tissues (fleshy part of seed): guaiacum (H,O,), negative; other two tests positive. Water 
extract (after neutralisation): only benzidine (H,O,) positive. Water extract of tissue residue: 
peroxidase and oxygenase reactions, negative. Aromatic extract: catechol reaction, positive 
though abnormal: tannin present. 


XXI. The grape, Vitis vinifera (Vitaceae), contains an oxidase. Neither 
the oxygenase nor peroxidase is readily extracted by water from the tissue 
residue but both act as if adsorbed to this residue. 

Both purple and white varieties were used. Results seem to vary in detail with the variety 
used. Discolour on injury. Tissues: guaiacum alone and other two tests, positive. Water extract 
(after neutralisation): only benzidine (H,O,) positive (white variety). Water extract of tissue residue: 
only benzidine (H,O,) positive; oxygenase reaction, positive in white variety only. Tissue residue: 
peroxidase and oxygenase reactions, positive. Aromatic extract: catechol reaction, results on 
the whole positive, especially in the white variety: added to enzyme extract (or tissue residue) 
and guaiacum, negative; also after precipitation with calcium chloride and alcohol. 


XXII. The pineapple, Ananas sativus (Bromeliaceae), contains a per- 
oxidase. 

Does not discolour on injury. Tissues and their water extract : positive with all three peroxidase 
tests. Water extract of tissue residue: peroxidase reaction, positive; oxygenase reaction, negative. 
Aromatic extract: catechol reaction, negative. 


XXIII. The melon, Cucumis Melo (Cucurbitaceae), contains a peroxidase. 


Does not discolour on injury. Tissues and water extract: positive with all three peroxidase 
tests. Water extract of tissue residue: peroxidase reaction, positive; oxygenase reaction, negative. 
Aromatic extract: catechol reaction, negative. 


XXIV. The tomato, Solanum Lycopersicum (Solanaceae), contains a 
peroxidase. 

Does not discolour on injury. Tissues and water extract : positive with all three peroxidase tests. 
Water extract of tissues: peroxidase reaction, positive; oxygenase reaction, negative. Aromatic 
extract: catechol reaction, negative, 
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XXV. The fig, Ficus Carica (Moraceae), contains an oxidase. 


Discolours on injury. Tissues and water extract: guaiacum alone and other two tests, positive. 
Water extract of tissue residue: peroxidase and oxygenase reactions, positive. Aromatic extract: 
catechol reaction, positive. 


. XXVI. The mulberry, Morus nigra (Moraceae), contains an oxidase. 


Discolours somewhat on injury. Tissues: guaiacum alone and other two tests, positive. 
Water extract (after neutralisation): no satisfactory reaction, and observation difficult because of 
anthocyan pigment. Tissue residue: peroxidase and oxygenase reactions, positive. Aromatic 
extract: catechol reaction, difficult to detect on account of anthocyan pigment; added to enzyme 
extract (or tissue residue) and guaiacum, negative. After precipitation with calcium chloride and 
alcohol, again added to tissue residue and guaiacum, positive. 


I take this opportunity of recording my thanks to Dr F. F. Blackman, 
F.R.S., for help and advice in connection with this and the preceding paper. 
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Ir has generally been assumed that the black pigments (melanins) which oecur 
normally or pathologically in animal tissues, hair, skin, feathers, etc. are 
chemically very inert substances, and in most cases their isolation has been 


carried out by dissolving the tissue in boiling alkalies or strong acids. Thus 
Abel and Davis [1896] prepared melanins from both the skin and hair of a 
negro by heating the material at 100° either with 5-6 °%% potassium hydroxide 
or with concentrated hydrochloric acid until all the keratin had dissolved. 
Other investigators have used even more drastic methods such as boiling with 
more concentrated alkalies or even fuming hydrochloric acid. 

That some melanins are really not so resistant to alkalies and acids was 
shown by Gortner [1910] who investigated the effects of alkalies upon the 
melanin of black-sheep’s wool. He extracted the pigment from the wool by 
boiling with successive portions of a 0-2 % solution of sodium hydroxide, and 
from the first two or three extracts he obtained a melanin of constant com- 
position, C = 52-57 %, H=7-28%, N= 13-43%, $= 1-33%. This sub- 
stance when purified contained no ash, was soluble in alkali and in very dilute 
mineral acids (V/20), and was precipitated by stronger acids. After boiling 
this with stronger alkali a pigment could be precipitated by acid from the 
solution, which contained less nitrogen and hydrogen than the original, and 
was no longer soluble in dilute acids. 

This acid-soluble pigment was only obtained from the first two or three 
extractions, the subsequent extracts yielding a different pigment, insoluble 
in acid and containing less nitrogen and hydrogen, and Gortner considered 
this to be a decomposition product of the acid-soluble pigment. 

When stronger solutions of alkali were employed for the extraction, the 
compounds obtained were insoluble in acid, and their nitrogen and hydrogen 
decreased, in general, as the concentration of alkali increased; thus the sub- 
stance extracted with 50 °% sodium hydroxide contained only 3-84 % hydrogen 
and 8-98 % nitrogen. 
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So far from being inert to alkalies the melanin of sheep’s wool was thus 
readily decomposed by boiling with sodium hydroxide in concentrations over 
0-2 %, whilst even this concentration decomposed the pigment on continued 
boiling. 

From these results Gortner considered that in all probability many of 
the melanins described in the literature were really products of the decom- 
position of melanin and not the pigment as it occurs in the natural material. 

The melanin obtained by Abel and Davis from negro skin was left in the 
form of pigment “granules” (pigment and pigment structure) after the 
keratin had dissolved in the alkali; and the pigment was freed from the 
pigment structure by continued treatment with 5 % hydrochloric acid, and 
subsequent extraction with potassium hydroxide. It then had the composition 
C = 53-56 %, H = 5-11 %, N = 15-47 %, S = 2-53 %. 

The author [Young, 1916] described the preparation of a melanin from 
the skin of an Australian aboriginal, by treatment with successive portions 
of boiling 5 % sodium hydroxide, each portion being allowed to act for a 
short time only. In this preparation no granules were obtained but the 
pigment was gradually dissolved in the alkali, from which it was obtained 
by precipitating with acid. The analysis differed from that of the preparation 
of Abel and Davis as it gave C = 60-12 %, H = 6-70 %, N = 11-89 %. 

More recently an opportunity of obtaining more material came to hand, 
and further preparations were made, the method being modified so that a 
more dilute alkali (V/20) could be employed in the extraction. Pigments 
were extracted with this alkali from portions of the skin from two Australian 
aboriginals and a low caste Cingalee. 


Preparation. 

It was found that if the skin were soaked in boiling water, the outer layer, 
which contained practically all the pigment, could be readily removed by 
scraping. This layer (200 g.) was washed with alcohol and ether to remove 
grease, and was boiled with 100 cc. of N/20 sodium hydroxide for one hour 
under a reflux condenser. It was allowed to settle and the dark liquid de- 
canted and filtered. The process was repeated with successive portions of 
fresh alkali until, after four extractions, there was only a very small residue. 
To the four clear filtrates after cooling, hydrochloric acid was added to about 
N/3, whereby the melanin was thrown down as a dark-brown precipitate. 
It was allowed to settle, the liquid siphoned off and the precipitate repeatedly 
washed by decantation with V/3 hydrochloric acid. The clear washings were 
siphoned off as much as possible and water and hydrochloric acid added to 
make the liquid to 500 cc. of N/20 hydrochloric acid. The mixture was then 
heated to boiling. The precipitates from the first two extracts completely 
dissolved to a deep brown solution; that from the third extract was only 
partially soluble; whilst the fourth precipitate did not appear to dissolve at 
all. The solutions were filtered through a fine filter paper (Schleicher and 
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Schiill’s Blue Band), and the first three solutions mixed. In this way the 
pigment was separated into two fractions, one soluble, the other insoluble 
in dilute hydrochloric acid. The solution in hydrochloric acid was cooled, and 
concentrated acid added until the mixture was N/3. The melanin was thereby 
precipitated and was allowed to settle, the liquid siphoned off, and the residue 
washed several times by decantation with hydrochloric acid of the same 
strength. The process of dissolving in N/20 acid, filtering and reprecipitating 
was repeated once, the pigment was then again dissolved in the dilute hydro- 
chloric acid, and the solution dialysed until the liquid no longer gave a pre- 
cipitate with silver nitrate. 

This treatment precipitated the pigment, which was then filtered off on 
a hardened paper, washed with distilled water, then with alcohol, finally with 
ether and dried. The paper was folded and extracted in a Soxhlet apparatus, 
successively with carbon disulphide, light petroleum and ether, and was 
dried at 100°. It was thus obtained as a black powder, and will be referred 
to as acid-soluble melanin. Before being dried the powder was readily soluble 
in dilute (V/20) sodium hydroxide, and in glacial acetic and concentrated 
sulphuric acids. It dissolved on warming in dilute (N//20) hydrochloric and 
acetic acids. After drying at 100° it dissolved only with difficulty in boiling 
dilute alkali, more readily in stronger alkali, and was almost insoluble in 
dilute hydrochloric acid. 

The pigment from the later extractions of the skin, which was insoluble 
in dilute acid, was also purified by treatment on the filter paper repeatedly 
with boiling N/20 hydrochloric acid. It was then washed repeatedly with 
water and subsequently dissolved in warm N/20 sodium hydroxide. The 
melanin was precipitated by adding hydrochloric acid in slight excess, washed 
by decantation until free from acid, filtered and washed with alcohol and 
ether, and extracted as before with carbon disulphide, light petroleum and 
ether, and dried at 100°. This powder, after drying, dissolved completely, but 
only very slowly, in boiling alkalies. 

In the above manner both acid-soluble and acid-insoluble preparations 
were obtained from the three skins. 


Analysis of products. 


The carbon and hydrogen were determined by burning in a current of 
oxygen by Dennstedt’s method, lead peroxide being employed to keep back 
any oxides of nitrogen and sulphur. The yields of material were too small 
for a separate estimation of sulphur, and in some cases the sulphur was therefore 
estimated at the same time by Dennstedt’s method. The quantity of barium 
sulphate actually weighed was very small, so that the results must only be 
regarded as approximate. Nitrogen was estimated by Kjeldahl, the heating 
with sulphuric acid being continued for four hours after the solution had 
become clear, as recommended by Dakin and Dudley with pyrrole compounds. 
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In one preparation nitrogen was estimated both by Kjeldahl’s and by Dumas’ 
methods with practically identical results. 

In all cases before analysis the material was dried to constancy in vacuo 
at 100° over phosphorus pentoxide. 

In some preparations which contained a high percentage of ash samples 
were again treated by suspending in N/3 hydrochloric acid in a dialyser, 
allowing the acid to dialyse away, and washing and drying as before, whereby 
the ash was very considerably reduced. In such cases the analysis before and 
after this treatment is given. The percentages are all calculated for the ash- 
free substances and the results are tabulated below. 


Sol. in dil. acid Insol. in dil. acid 
A i - 


c \ a 
Cc H N Ss Ash C H N 8 Ash 
I. Aust. Black I: 
(a) -. 5641 7:33 — — 702 56:03 586 — — 3651 
(6) After further treatmen 
to remove inorg. matter 56:33 7:37 12-46 — 2-78 


II. Aust. Black II: 

(a) Extracted by first por- 
tion of alkali ... -. 55:49 830 13:54 — 0-67 

f 11-95) 

(12-24 J 


6-25 — 1-77 2-60 


or 
or 
© 
bo 


59-87 10-80 1-66 1-39 


“1 
i) 
“1 


(b) Extracted subsequently 56-81 6-68 ; 


III. Cingalee: 

Air tatheriediienns wa a 14-57 2-56 a a ee oer OO 
Previously found with 5 % 

alkali ces ove oo — — — — — 60-10 6-70 11:39 — — 

In all cases the ash was left as a light brownish powder, only partially 
soluble in hot hydrochloric acid, and containing a small amount of silica. 
Estimations of the iron in the ash were made colorimetrically with potassium 
thiocyanate, and the quantity was found to vary from nothing in one sample, 
to 7 %, of the total ash in another, the latter quantity corresponding to 0-2 % 
of the original pigment. 

The iron was therefore not an essential part of the melanin molecule. 

The ash also contained a trace of sulphate. 

From the foregoing analyses it is seen that the ash was materially reduced 
by treatment of the melanin with acid, without altering the carbon and 
hydrogen percentage calculated on the ash-free substance. It would appear, 
therefore, that the ash is not an essential part of the melanin. 


Action of alkali on the acid-soluble melanin. 


A small quantity (about 0-5 g.) of the acid-soluble pigment from the 
Cingalee skin was boiled with N/20 alkali in a reflux apparatus. The sample 
which had been previously dried at 100° dissolved only slowly, passing, how- 
ever, completely into solution after about five hours’ boiling. The boiling 
was continued for 15 hours, after which the mixture was cooled, exactly 
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neutralised with N hydrochloric acid, and sufficient acid added to bring the 
whole to V/20. The melanin was partially precipitated, and even when heated 
to boiling some of the precipitate did not redissolve. 

That this was not due to the drying alone was shown by warming another 
portion of the original dried melanin with the alkali until solution had taken 
place, neutralising and making to N/10 hydrochloric acid and boiling. In 
this case the melanin completely dissolved. 

The pigment soluble in acid behaved, therefore, like Gortner’s pigment, 
in that it was altered slowly by continued boiling with dilute alkali into a 
substance no longer soluble in dilute acid. Sufficient material was not available 
to test whether nitrogen and hydrogen were lost during this treatment. 


Discussion OF RESULTs. 


It will be seen from the table of results that variations were found in the 
percentage composition of the different preparations. The acid-soluble pig- 
ment generally contained a lower carbon percentage and a greater percentage 
of nitrogen and hydrogen than the acid-insoluble pigment subsequently 
extracted from the same skin, although the insoluble preparations from one 
skin did not always contain less nitrogen and hydrogen than soluble prepara- 
tions from another. It is observed also that in the case where the first 
extraction was kept separate the same difference was found between this and 
the pigment from subsequent extracts, although both pigments were soluble 
in acids. Continued boiling with dilute alkali converted the pigment soluble 
in acid to one insoluble in acid; it seems therefore probable that in extracting 
the pigment even with very dilute sodium hydroxide (N/20) it is gradually 
decomposed, losing nitrogen and hydrogen and gradually changing toa 
pigment insoluble in acid. 

The melanin of black skin thus resembles that prepared from wool by 
Gortner in that a pigment may be extracted with alkali which is soluble in 
dilute acids, and which, on further heating with alkali, changes to a pigment 
insoluble in dilute acids, with loss of nitrogen and hydrogen. In this case, 
however, a constant product could not be obtained, and it is possible that 
none of the preparations represents the pigment as it occurs in the skin. 

The preparations gave quite different analyses from the pigment from 
negro skin prepared by Abel and Davis. 


REFERENCES. 
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THE chemistry of Zanthoxylum species is in a confused state partly owing 
to the doubtful authenticity of the material examined by various investigators 
but chiefly due to the confused botanical synonymy of the genus. This 
difficulty has arisen largely through the transfer by Engler [1895] of a large 
number of species from Zanthoxylum to the genus Fagara so that closely 
allied species have been examined under apparently distinct names, with the 
result that a number of substances have been described as new, which are 
so similar to substances already known as to warrant the assumption that 
they are identical. 

In the course of the present investigation the author has had occasion to 
make as complete an examination as possible of the literature relating to the 
chemistry of Zanthoxylum and Fagara species and as the results present some 
interesting points they are briefly summarised here. The following list of 
nine species includes all that have been examined and from which charac- 
teristic and well-defined substances have been isolated: 

(1) Zanthorylum brachyacanthum, F. Muell (F. brachyacanthum, Engler) 
contains the alkaloids 1-a-canadine methochloride, C,,H,,0,NCl, and y-homo- 
chelidonine [Jowett and Pyman, 1913]. 

(2) Z. Ochroxylon, D. C. (F. monophylla, Lam.) contains two alkaloids; 
C,,H,30,N, and a second for which no formula is given [Leprince, 1911]. 

(3) Z. Clava-Herculis, Linn. (Z.carolinianum, Lam.; F. caroliniana, Engler). 
According to Perrins [1862] this contains berberine, and more recently Gordin 
[1906] has isolated from it xanthoxylin 8, C,,H,.0, or C,,H,,0,. There seems 
to be some doubt as to the authenticity of the bark used by Perrins, and 
Wehmer suggests that it was really derived from Z. caribaeum, Lam., which 
Perrins himself suggests as a synonym for the species he used though according 
to the Index Kewensis the two are distinct species. 

(4) Z. senegalense, D. C. (F. xanthoxyloides, Lam.) contains an alkaloid 
C,,H,30,N or C,)H,,0,N and a neutral substance C,)H,)0; or C,,H,,0, 
[Giacosa and Soave, 1889], caprinamide, xanthotoxin C,,H,0,, fagarol 
C.9H,,0, [Priess, 1911] and fagaramide C,,H,,0,N [Thoms and Thiimen, 1911]. 
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(5) Z. macrophyllum, Oliver (F. macrophylla, Engler) contains fagaramide 
and lupeol (see below). 

(6) Z. Budrunga, D. C. (F. Budrunga, Roxb.) contains xanthosterin 
Cy3H,,0H [Dieterle, 1919]. 

(7) Z. flavum, Vahl. (F. flava, Kr. et Urb.) contains a lactonic substance 
C,,H,,0; and an ether-lactone C,,H,.0, [Auld and Pickles, 1912]. 

(8) Z. americanum, Mill (Z. fraxineum, Willd.) contains xanthoxylin N, 
C,;H,,0, [Gordin, 1906]. 

(9) Z. piperitum, D. C. contains a crystalline substance C,)H,,0, [Sten- 
house, 1854, 1857]. 

The presence of alkaloids has been recorded in all the above mentioned 
species, but the amount present appears generally to be small except in the 
four cases (Z. brachyacanthum, Z. Ochroxylon, Z. senegalense and Z. Clava- 
Herculis) in which they have been isolated and characterised. The other 
definite constituents fall into three classes: lactones, phytosterols and amides. 

Thoms and Thiimen [1911] have suggested that the neutral substance 
(m.P. 120°) isolated by Giacosa and Soave from Z. senegalense, to which they 
assigned the formula C,,H,,0, or C,,H,,0, was in all probability fagaramide 
C,,H,,0O,;N. The name xanthoxylin has been applied to three apparently 
distinct substances two of which have been distinguished by Gordin [1906] 
as xanthoxylin § and xanthoxylin N. It seems possible that xanthoxylin 8 
from Z. Clava-Herculis, for which Gordin proposed the formula C,,H,,0, or 
C,,H,,0,,is fagaramide, since, although it is not recorded ascontaining nitrogen, 
this constituent ts not mentioned as having been sought for, and the com- 
position and constants of the substance are otherwise in close accord with 
those of fagaramide. Xanthoxylin N, C,,H,,0, [Gordin, 1906] from Z. amert- 
canum, Mill and the lactonic substance C,,H,,0, [Auld and Pickles, 1912] 
from Z. flavum, Vahl. are similar in properties, and may be identical. 

Again the melting points of xanthosterin C,,H,,0H [Dieterle, 1919] from 
Z. Budrunga, D. C. and its derivatives are in striking agreement with those 
of lupeol now shown to be present in Z. macrophyllum. The analytical figures 
are not in good agreement, but this is not surprising in view of the difficulty 
of purifying phytosterols; thus the formula for lupeol is variously given in 
the literature as C,,H,,0, C,,H;,0, and C;,H,;,0, the second being probably 
correct. 

It is interesting to note that fagaramide occurs in the two species Z. sene- 
galense and macrophyllum, which are both West African, and as noted below 
are closely allied. A further point of interest lies in the fact that berberine, 
l-a-canadine methochloride, and fagaramide which have been isolated from 
four of the species mentioned above contain the grouping 


in common. 
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Of the nine species examined all but two, viz. Z. americanum and Z. 
piperitum, were included in Engler’s transfer. No marked difference can be 
traced between the components—so far as they have been ascertained—of 
these two species and those found in Engler’s Fagara species, so that the 
chemical evidence appears at present to be of no value in deciding for or 
against the validity of Engler’s view. 


Zanthoxylum macrophyllum. 


Zanthoxylum macrophyllum, Oliver (Fagara macrophylla, Engler) of the 
natural order Rutaceae is a tree 30 or 40 feet high, with either spreading or 
ascending prickles on its leaf-stalks, and leaves composed of numerous leaflets 
6 to 8 inches long. It is closely related to but quite distinct from Fagara 
xanthoxyloides, Lam. (Zanthoxylum senegalense, D. C.); the latter does not 
exceed 20 feet in height, has recurved prickles and leaves with not more than 
nine leaflets, 2 to 34 inches long. Both species occur in Upper Guinea. The 
present investigation shows that the bark of Zanthoxylum macrophyllum 
contains fagaramide, previously isolated by Thoms and Thiimen [1911] from 
Fagara xanthozyloides and thus further emphasises the close relationship of 
the two species, already indicated by their.structural similarity. 

The material used in the present investigation came from the Gold Coast 
Colony and was kindly supplied by the authorities of the Imperial Institute. 
The bark is said to be used by the natives as an analgesic, especially in cases 
of toothache and rheumatism. It produces a tingling sensation in the mouth 
when chewed. 


EXPERIMENTAL. 


The material contained 11-2 % of moisture and 4-7 % of ash. Only traces 
of alkaloid could be detected by the usual reagents. The finely ground bark 
gave the following percentages of extract on exhaustion in a Soxhlet apparatus 
with solvents in the order named: petroleum (B.P. 35-60°), 1-46; ether, 0-95; 
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chloroform, 1-48; alcohol, 12-07; water, 4-80. Of these extracts the first and 
second appeared to contain all the substance producing the tingling sensation, 
to which presumably the alleged physiological action is due. 

Petroleum extract. The ground bark (32 kilos) was extracted with hot 
petroleum (B.P. 35°-60°). On standing this deposited a sparingly soluble 
substance amounting to 60-4 g. or 0-18 % by weight of the bark, which proved 
to be fagaramide (see below). The mother liquors on concentration deposited 
in several crops 85-9 g. of a phytosterol, which was shown to be lupeol. The 
residue of the petroleum extract was of a resinous character and contained 
the substance producing the tingling sensation when applied to the tongue. 
Attempts to isolate this substance in a pure state were unsuccessful. 

Ether extract. The ground bark after extraction with light petroleum was 
exhausted with hot ether, the solution shaken with aqueous solution of 
potassium hydroxide, separated and the solvent distilled off. The residue on 
extraction with petroleum yielded a further quantity of fagaramide, whilst 
the resinous active substance remained in solution. 


Identification of Fagaramide. 

The crude fagaramide, obtained as described above, was repeatedly re- 
crystallised from ethyl acetate, and so obtained in colourless six-sided plates, 
which softened at 105° and melted at 119-5° (corr.). It gave Gaebel’s test 
[1910] for the-methylene di-oxy group, and readily absorbed two atoms of 


bromine. 
Found Calculated for fagaramide, C,,H,,0,N 
C 67-8, 67-6 68-0 
H 7:0, 68 6-9 
Mol. weight 231, 241 247-2 


Fagaramide is hydrolysed with difficulty by alkalis or acids. It was found 
most convenient to obtain the acid hydrolytic product, piperonylacrylic acid, 
by alkaline hydrolysis, and the basic hydrolytic product, iso-butylamine, by 
acid hydrolysis. 

Alkali hydrolysis. 0-5 g. of fagaramide was boiled for four hours with a 
mixture of 12 g. of 50% aqueous sodium hydroxide and 12 cc. of methyl 
alcohol. The mixture on dilution with water yielded 0-33 g. of unchanged 
fagaramide. The filtrate after acidification yielded to ether 0-13 g. of piper- 
onylacrylic acid. The piperonylacrylic acid (from several hydrolyses) was 
recrystallised from ether, in which, when dry, it is only sparingly soluble, and 
obtained in almost colourless needles, melting at 243° (corr.). The melting 
point was not depressed on mixing with piperonylacrylic acid prepared from 
piperonal. Found C = 62-1, H = 4-2; calculated for piperonylacrylic acid, 
C19H,0,, C = 62-5, H = 4-2. 

Acid hydrolysis. One g. of fagaramide was heated to 130-140° for 14 hours 
in a sealed tube with 5 cc. of alcohol, 2 cc. of concentrated hydrochloric acid 
and 3 cc, of water. The tube was washed out with water and ether, the aqueous 
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solution separated and evaporated to dryness under reduced pressure, when 
0-25 g. of crude iso-butylamine hydrochloride was obtained. The latter after 
purification with animal charcoal and recrystallisation from alcohol melted at 
178-179° (corr.). The platinichloride changed colour slightly at 204° (corr.), con- 
siderably at 225° (corr.) and melted with frothing at 242-243° (corr.). Found 
Pt = 36-4; calculated for iso-butylamine platinichloride, (C,H,,NH),PtCl,, 
Pt = 36-0. 

Contrary to the statement of Thoms and Thiimen [1911] fagaramide forms 
salts, which however are easily dissociated. When a solution of fagaramide in 
chloroform containing dry hydrogen chloride was evaporated at atmospheric 
temperature under reduced pressure, a crystalline hydrochloride melting at 
137° (corr.) was obtained. Found HCl = 6-6; calculated for (C,,H,,0,N),HCI, 
HCl = 6-9. 


Identification of Lupeol. 


The crude lupeol obtained as already described was repeatedly recry- 
stallised from ethyl acetate and obtained in colourless needles melting at 
216° (corr.), and having a specific rotatory power in chloroform of [a], + 31-0° 
(c = 2-5165, 1 = 1 dem., ap + 0-78°). It gave the usual colour reacticn with 
acetic anhydride and sulphuric acid. Found C = 84-6, 84-6, H = 11-6, 11-9; 
calculated for Cz,5H;,0, C = 84-4, H = 11-9. 

The following derivatives were prepared: 

Acetyllupeol, m.p. 220° (corr.), [a], + 44:3° in chloroform (¢ = 2-5235, 
l= 1 dem., ap + 1-12°), found C = 81-8, H = 11-1; calculated for 

C59 H gO . CO. CH, 
C = 82-0, H = 11-2. 

Benzoyllupeol, m.p. 272° (corr.), [a], + 62-0° in chloroform (¢ = 2-5020, 

l= 1 dem., ap + 1-55°), found C = 83-7, H = 10-0; calculated for 
C59H 99 .CO.C,H,, 
C = 83-7, H = 10:3. 

Monobromolupeol, m.p. 183° (corr.); found Br = 15-5, calculated for 
C59H,gOBr, Br = 15-8. 

Monobromo-acetyllupecl, m.P. 232° (corr.). 

It was at first thought that the phytosterol obtained from Z. macrophyllum 
was identical with androsterol obtained by Moore [1909] from Apocynum 
androsaemifolium. No direct comparison could be made as the original 
reference specimens of androsterol and its derivatives were destroyed in the 
fire which occurred a few years ago at the Brussels Exhibition. The properties 
of androsterol and lupeol are however so similar that there can be little doubt 
of their identity. The phytosterol obtained in this investigation, together 
with the acetyl and benzoyl derivatives, have been directly compared by 
means of their melting-points with specimens of lupeol, acetyllupeol, and 
benzoyllupeol kindly supplied by Prof. van Romburgh, and the identity of 
the two established. 
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Examination of the active resin. 


The resinous residue obtained as already described exhibited in a marked 
degree the property of causing a tingling sensation on the lips and tongue, 
shown by the crude bark when chewed. As this resin could not be induced 
to crystallise and nothing crystalline could be separated from it by steam 
distillation or other means it was boiled with N/2 potassium hydroxide in 
alcohol, the alcohol distilled off, and the “unsaponifiable matter” extracted 
with ether.- It constituted 24-4 °4 of the crude resinous substance and still 
possessed, apparently undiminished, the property of causing intense tingling 
of the tongue and lips. It was readily soluble in alcohol or ether and insoluble 
in water or alkalis. As it could not be crystallised an attempt was made to 
distil it in vacuo. It yielded two fractions, boiling at 240-280°/40 mm., and 
280-350°/40 mm. respectively. These distillates though both still physio- 
logically active were less so than the crude unsaponifiable matter. Some de- 
composition evidently occurs towards the end of the distillation as on opening 
the flask there was a slight smell of ammonia. The lower boiling of the two 
distillates when dissolved in alcohol and allowed to stand for some days 
deposited a sniall amount of a crystalline substance, which after recrystalli- 
sation from ethyl acetate melted at 82° and contained nitrogen. This substance 
did not produce the tingling sensation. 

Mr G. 8. Boulger, F.L.S., of the Imperial Institute Staff, to whom the 
author is much indebted for assistance with the botany of the subject, points 
out that Bentham and Hooker placed the Linnean genus Fagara and several 
others under the genus Zanthorylum, which thus became a group of some 
150 species, and that Engler’s action in restricting Zanthoxylum to some nine 
species, and restoring the one Linnean genus Fagara, thus appears to be a 
very slight and conservative revision. 

In conclusion, the author desires to express his warmest thanks to 
Dr T. A. Henry for his advice and criticism throughout the course of the work. 
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A CONSIDERABLE conflict of evidence exists as to the presence or absence in 
dried milk of the anti-scorbutic accessory food factor, or vitamin, commonly 
referred to as “water-soluble C.” The experiments described in this paper 
were an attempt to clear up some of the discrepancies. 

The animals used were guinea-pigs, and the methods those of previous 
investigators, except where it seemed to us necessary to make certain modifi- 
cations by way of additional safeguards. 

Care was taken as far as possible to eliminate abnormal animals before 
experiment. In every case the young animal weighing about 250 g. was put 
into a cage on a normal diet of green-stuff (cabbage or cauliflower-leaf) with 
oats and bran, and was only given a milk diet when it showed a normal and 
steady rate of growth, and had reached 300-350 g. Before the experimental 
diet was begun, all hay was removed from the cages, and sawdust alone used 
as bedding. 

The normal diet of a guinea-pig contains no moisture other than that 
associated with the cabbage-leaves or other vegetable matter on which it 
lives, and we found that, in the absence of green-stuff (as in the case of certain 
animals that we put on to a purely scorbutic diet), only about 50 cc. of water 
were taken during the day. Whatever the nature of the food, it is obviously 
unreasonable to expect animals, whose constitution is only adapted to the 
taking of a small quantity of liquid, to take several times this quantity and 
still maintain perfect health. To avoid, therefore, undue dilution of the food 
the milk-powder was made into a thin cream with three times its weight of hot 
water. We were thus giving our reconstituted milk in a form twice as concen- 
trated as that used by Barnes and Hume [1919], and other investigators. 

In order to make the reconstituted milk as palatable as possible to the 
animals, it was made up freshly every morning and evening, about twice as 
much being given for the night as for the day. It was reconstituted with 
hot water and not with cold or boiling water, in order to postpone as far as 
possible the formation of a layer of solid fat on the surface, which seemed 
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to be resented by the animals, and also because they appeared to us actually 
to prefer it with the chill off. Fresh oats and bran were given every morning, 
but not until after the milk had been puf in the cages, in order to prevent the 
animal satisfying its appetite on the oats and bran, and then feeling disin- 
clination for the milk. Hand-feeding was only necessary in quite a few cases, 
for the first day or two of an animal’s change of diet. The disturbing effect 
on a guinea-pig of so unusual a diet as milk is only accentuated by so unusual 
a method of nutrition as hand-feeding with a glass-tube. In all cases sufficient 
food was given to ensure that some was left over when the next allowance was 
supplied. 

Four series of experiments were undertaken. In the first three, comparison 
was made of summer milk, winter milk, and winter milk neutralised with 
sodium bicarbonate before drying. All three were dried by the roller process, 
in which the milk is in contact with the source of heat for less than three 
seconds. The fourth variety was full-cream milk dried by the spray process. 
This was purchased direct from the makers and packed into air-tight tins 
immediately on arrival. We have no details as to the time for which such 
milk is heated during manufacture but the remarks made by Hart, Steenbock 
and Smith [1919], and others, would suggest that it is subject to prolonged 
heating. 

The winter milk was dried by one of us (H. J.) in the first week of December, 
1919. The weather was cold and wet, and no cattle were in the fields. The 
milk when received was perfectly fresh, having an acidity of 17-3° and was 
immediately dried, sifted, and placed in air-tight tins. The neutralised winter 
- milk was dried at the same time. The acidity of the milk before drying was 
26-5° and 11 ozs. of sodium bicarbonate were added to 38 gallons. The summer 
milk was part of a considerable quantity of milk dried at the same factory 
in late August and early September. Its acidity before drying was 19-9°, 
and the powder was stored in hermetically sealed tins, and transferred to 
smaller air-tight tins for experimental purposes. We give below the compo- 
sition of the powders: 














Table I. 
Neutralised 
Winter milk Summer milk winter milk Spray process 
Moisture 2-6 2-8 3°3 4:3 
Ash 5°9 5-8 6-6 5-6 
Fat 26-7 27-0 27-2 28-2 
Lactose 37°3 36-3 35-4 35-6 
Protein 27-0 27°8 26-5 25-6. 
99-5 99-7 99-0 99-3 


It will be observed that the general composition of these milk powders 
was almost identical. 

Our experiments were begun in January 1920 in the case of the winter 
and the summer milk series. The experiments in the summer milk series 
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were completed by the end of May, while the experiments in the winter milk 
series were concluded at the beginning of July. The experiments in the 
neutralised milk series were begun in the middle of March and were concluded 
at the end of July. 

It will thus be seen that the winter milk was from two to eight. months 
old during the course of the experiments, while the summer milk was from 
four to ten months old. The neutralised milk was from three to seven months 
old; we have no information as to the age of the spray milk. 


Body-weight in grams 





Days 
Fig. 1. Diet of oats, bran, and summer dried milk (roller process). 
Curves 3, 6, 7 and 8. Death from disease; no scurvy in 7, 10, 21 (Curves 7, 6, 3); slight scurvy 
in 19 a (Curve 8). 


Curve 5. This animal (16) hurt its foot at (a); its food consumption fell off, and it developed 
mild scurvy; from this it recovered completely, without any change of diet. 


Curves 1 and 2. (6) indicates change over to full normal vegetable diet. 


Body-weight in grams 





Days 


Fig. 2. Diet of oats, bran, and winter dried milk (roller process). 
Curve 12. Death from disease; no signs of scurvy. Animals 2, 18, and 20 showed similar curves. 
Curve 14. Attack of scurvy repelled without change of diet. 
Curves 11 and 13. (6) indicates change over to full normal vegetable diet. 
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Body-weight in grams 


Curve 24. 
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100 
Days 
Fig. 3. Diet of oats, bran, and neutralised winter milk (roller process). 
This animal died from disease, but post-mortem examination showed many of the 


characteristics of mild scurvy. 


Body-weight in grams 


Curves 25, 26, and 27. 


g 


8 


8 








Days 
Fig. 4. Diet of oats, bran, and dried milk (spray process). 
(c) indicates change of diet to roller process milk. In the case of these 


three animals (38, 42, and 40) no cure was effected. 
Curves for animals 35 and 41, which were cured in this manner, are shown separately (Fig. 5). 


Body-weight in grams 


Fig. 5. 
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0 100 200 


Days 


Diet of oats, bran, and dried milk (spray process) followed by dried milk (roller process). 


Curves 29, and 30. (c) indicates change from spray process to roller process (summer) dried milk; 
(b) indicates change over to full normal vegetable diet, 
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The following table and the curves in Figs. 1-5 record the results of 
feeding groups of animals upon the four varieties of dried milk. 


Table II. 


Animal 
no. 


or 


10 
15 
16 
17 


19a 


13 
18 
19 
20 


bt bo bo Ws 
m o> be 


or 


36 
37 


38 


40 
42 
43 
44 
45 


Daily consumption in ce, Length 


averaged over 30-day 


period 


ewv—X—' 


1. 
88 
122 
90 
8+ 
97 
85 
85 


88 


107 


117 
98 
88 


91 
2 


117 


95 


117 
86 
89 
88 


105 


91 


101 


68 
78 


92 
98 
80 
70 


2. 
145 
157 
119 
108 
124 
122 
120 


86 


100 


140 ' 


143 
96 


101 
105 


156 
128 


147 
132 
107 
142 


98 


(97) 


(69) 
(80) 


3. 
121 
124 
123 
136 
129 


160 


147 


85 


153 


Series I. Summer milk. 


ofex- Initial Highest Final 
periment weight weight weight 
(days) in g. in g. in g. 
103 308 572 567 
108 339 692 685 
82 302 543 420 
96 330 564 465 
115 365 633 612 
115 368 636 636 
77 302 437 332 
65 336 427 311 
47 309 542 370 
Series II. Winter milk. 
98 277 530 530 
73 265 429 421 
73 259 645 645 
112 546 707 706 
71 300 471 308 
112 300 590 577 
65 340 392 309 
129 342 700 683 
71 313 604 432 


Remarks 


No scurvy 

No scurvy 

Death from disease 

Death from disease 

No scurvy. Chloroformed 

No scurvy. Chloroformed 

Slight scurvy. Death from 
disease 

Slight scurvy. Death from 
disease 

Death from disease 


In good health. Chloroformed. 
Signs of old scurvy 

Died of disease. Slight scurvy 
in early life 

No sign of scurvy 

No sign of scurvy. Survived 


Slight scurvy. Disease main 
cause of death 


No scurvy. Chloroformed 
No scurvy. Death from disease 
No scurvy. Chloroformed 
No scurvy. Death from disease 


Series III. Neutralised winter milk. 


165 
95 
96 

126 


714 
505 
340 
496 


Slight scurvy. Chloroformed 
Mild scurvy. Chloroformed 
Scurvy main cause of death 
Mild scurvy. Chloroformed 


Series IV. Spray process milk. 


137 310 732 
98 306 557 
93 306 539 

126 306 565 
54 338 470 
41 350 399 
63 358 451 
52 338 395 
38 333 351 
37 299 378 
35 308 380 
38 317 399 
48 332 367 
29 337 328 


1 See below. 


335 


235 
244 
247 
241 
233 


Acute scurvy. Moribund. 
Chloroformed 


Acute scurvy. Moribund. 
Chloroformed 


Acute scurvy. Moribund. 
Chloroformed 


Severe scurvy 


Acute scurvy. Moribund. 
Chloroformed 


Died of acute scurvy? 

Died of acute scurvy? 

Acute scurvy. Chloroformed 
Died of acute scurvy 

Died of acute scurvy 
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In the case of animals 40 to 45 spray process milk was given at a concen- 
tration of 1 in 3 in order to ascertain if the animals could be induced to take 
sufficient of the milk to avoid scurvy. 

Average weight curves are given for each series, as well as the normal 
growth curve obtained by keeping nine animals on full vegetable diet, but 
under otherwise the same cage conditions as the animals fed upon milk. The 
curve thus secured shows, unlike that of Barnes and Hume [1919], a gradual 
decline in steepness, becoming flatter as the animals grew older. It will 
be noticed that it is a somewhat steeper curve than any of the others; this 
is only to be expected, for milk is, at best, an inferior food for an animal with 
a natural vegetarian diet. Nevertheless, the difference between this normal 
curve and those obtained for summer and winter dried milk is remarkably 
small (see Fig. 6). 


Normal 


Winter 
Summer 


Neutralized 
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Days 
Fig. 6. Average curves for four series of experiments on dried milk, and for 
a full normal vegetable diet. 


It is not considered necessary to give full protocols of all the animals used, 
but certain of the animals have been of sufficient interest to merit individual 
comment; we give also individual curves for the majority of animals in each 
series. 

Four animals, two on winter milk (experimental animals 5 and 6) and 
two on summer milk (experimental animals 11 and 13), after over 100 days 
on experimental diet had reached a weight that was practically constant, and, 
to ascertain whether they were full-grown or whether their lack of further 
growth was due to absence of a sufficient supply of growth-promoting factor, 
they were then given a normal diet of oats and bran and about 100g. of 
cabbage-leaf per diem. No marked growth occurred in any case and the 
dotted parts of Curves 1, 2, 11 and 13 (Figs. 1 and 2) illustrate this feature. 
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Certain animals on spray process milk diet were, after they had become 
definitely scorbutic, placed on summer dried milk (dried by the roller process). 
In two cases (experimental animals 40 and 42), haemorrhage had already set 
in, and the animals after a brief rally died (see Table II, Series IV). In two 
cases, however, a complete cure was effected by the change over from spray 
process to roller process dried milk. 


Table ITT. 
Consumption in cc., Length of Initial Final 
Animal average over experiment weight weight 
No. 30-day periods (days) in g. in g. 
35 80¢ 112 142 170 136 330 611 
41 103 118) 3=6((121) — — 73 330 490 


See also Fig. 5. 
1 Change over on 23rd day, weight 364 g. 
2 Change over on 29th day, weight 320 g. 


In order to give a general comparison of the anti-scorbutic value of the 
four milks used, we summarise our results in the following table: 


Table IV. 
Summer Winter Neut. Spray 
milk milk milk milk 
Under experiment... a aes aed 9 ll 4 12 
Developed scurvy... sue aa ove 2 3 3 12 
Survived, or died of causes other than scurvy 6 9 1 a 


T'wo animals on summer milk which died from disease (probably coccidium 
or pseudo-tuberculosis) showed signs of scurvy. One consumed throughout 
considerably less than the average ration of milk (experimental animal 19 a), 
and the other showed a marked falling-off in its food intake during the three 
weeks preceding death (experimental animal 17). 

Of the three animals on winter milk that showed signs of scurvy, one 
recovered without change of diet (experimental animal 1), one (experimental 
animal 12) was weakened by a fall and consequent loss of appetite, and one 
was recovering from an early attack of scurvy when it succumbed to disease 
(experimental animal 2). Our conclusion on this point must, therefore, be 
negative; we have, in fact, found no appreciable difference in anti-scorbutic 
value between winter and summer dried milk. 

When we turn to the actual anti-scorbutic value of dried milk as compared 
with raw milk, we find considerable discrepancy between our results and those 
of Barnes and Hume [1919] and Chick, Hume and Skelton [1919]. We are 
greatly indebted to these workers for the invaluable suggestions contained in 
their pages, and, as will have been made clear above, have followed their 
methods very closely. We wish, in conclusion, to point out how we consider 
this discrepancy has arisen, and how it can be explained. 
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For purposes of comparison we have expressed the amount of dried milk 
taken in terms of equivalent cc. of ordinary milk. (Thus, when an animal 
took 60cc. of our double-strength concentrated milk containing 15g. of 
dried milk and 45 g. of water, we refer to it as having consumed 120 ce. of 
milk). 

It should be observed, in the first place, that up to the publication of a 
paper by Hart, Steenbock and Ellis [1920] there was no record of any 
guinea-pig on experimental diet reaching a weight of 500 g.:; in most cases, 
indeed, even 400 g. was not achieved. In the paper of the above mentioned 
workers a certain advance was made, and out of 54 animals, one reached a 
weight of over 600 g. and eleven more a weight of over 500 g. 

None of our animals when weighing between 300 and 400 g. consumed 
more than 135 cc. of milk, and in some cases, the average daily consumption 
was lower than 100cc. Barnes and Hume [1919, p. 308] state explicitly 
“that scurvy could be prevented and health maintained in those cases in 
which 150 cc. (of raw milk) were taken.”’ On the other hand, recent workers 
[Hart, Steenbock and Ellis, 1920] claim to have obtained complete protection 
with 50 cc. of fresh summer milk. It seems possible that one source of dis- 
crepancy may be the failure to take into account, as well as the amount of 
food necessary for protection, the size of the animal protected from scurvy. 

In very few cases did any of our animals consume appreciably more than 
150 ce. of milk, and, even then, only when their weight was well over 500 g. 
Frequently, at a later period, the consumption actually dropped off: the 
animal was no longer growing rapidly, and food was mainly needed to maintain 
metabolism for an animal leading a sedentary life, and not to supply the matter 
or the energy for building new tissue. Even so, with this smaller intake, the 
animals still remained free from scurvy. 

It would appear, therefore, that on the average growing guinea-pigs can 
find in milk reconstituted from dried milk as much protection as, according 
to Barnes and Hume, is afforded by raw milk. It is desirable, if possible, to 
gain some idea as to what is the minimum of such reconstituted milk required 
for protection. We have adopted the following method for arriving at this 
quantity. Ignoring those animals that showed signs of scurvy, since protection 
in their case was not complete, and eliminating, in the case of those that died 
from other causes, that part of their career where they were eating little and 
losing weight (to include those parts would, obviously, quite inaccurately 
lower the estimated minimum protective dose of milk), we have then divided 
the time of normal growth into 8-day periods, and for each 8-day period we 


have calculated the average weight of the animal (W) and the average con- 
sumption of milk in cc. (V). The expression al represents the average 
daily consumption per 100 g. body-weight. This has been calculated for each 
animal and the average for the two series where there was complete protection 


from scurvy is also taken. We give below a summary of the results: 
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Table V. 
Animal ee OY 100V 4, rave 100V 
No. (days) Tee ee 
1 Winter milk 4 27 32 36 33 
4 ies: 4- 73 24 37 29 
il BoE 1-104 17 28 23 
13 ae ie 1- 96 19 27 22 
18 ae 4- 51 20 35 23 
19 Se 4- 67 24 33 29 
20 3 ate 3- 54 20 31 26 


Average for winter milk series 7 =—2i. 


5 Summer milk 10-103 22 35 27 
6 - pa 3-106 19 31 25 
7 % * 3— 88 22 32 27 
10 Pr os 6— 85 21 26 23 
15 os - 1- 96 20 34 26 
16 = ie 35- 96 21 30 25 
17 53 ‘o 3-— 70 19 32 26 
19a re vs 4- 59 23 20 25 
21 me a 1- 36 29 33 32 

Average for summer milk series + =26. 

Average for two series (16 animals) — =26. 


It will be seen from these figures that the average daily intake of milk 
in cc. per 100 g. body-weight varies considerably. There is variation in the 
case of each animal for different 8-day periods in its history; there is variation 
between the general average of one animal and another. The averages, for 
the two series, are identical within the degree of accuracy possible for this 
kind of experiment. The average for the whole series indicates that the 
minimum protective dose of milk reconstituted from dried milk for a guinea-pig 
of 400 g. body-weight is about 110 ce. 

It has previously been stated [Harden and Zilva, 1918] that alkali has 
a destructive effect upon vitamins and the results obtained with neutralised 
milk would indicate that there is some destruction of the anti-scorbutic 
vitamin by alkali in the quantities used in this experiment. The reduction 
of the anti-scorbutic value was, however, slight and in no case were symptoms 
of scurvy observed in less than 100 days; even then they only appeared when 
rather less than the average quantity of raw milk required for protection was 
taken. 

In series IV, even when animals which took small quantities of milk are 
eliminated, it can only be concluded that the anti-scorbutic factor had been 
very considerably affected, even if not entirely destroyed. A description of 
the spray process, from which it would appear that the milk is held at high 
temperatures for a very considerable time, is given by Hart, Steenbock and 
Smith [1919]. It has been suggested by these workers and others [e.g. Delf, 
1920] that heat is responsible for diminution in the anti-scorbutic value of 
certain cooked or manufactured foods. Recent work, however, suggests that 
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oxidation may be an important factor in destroying the anti-scorbutic vitamin 
[Zilva, 1920]. 

That winter milk should be found to have as high anti-scorbutic value as 
summer milk is contrary to the opinions generally held, and to certain other 
experiments, but enquiry has shown that the cattle were being partly fed 
upon swedes at the time when the winter milk was obtained, and it is probable 
that the anti-scorbutic value was due to this cause. 

There is some evidence to show that the method of drying may have a 
considerable influence on the degree to which the anti-scorbutic vitamin in 
milk is affected. The milks with which we have experimented were subjected 
to the high temperature of drying for not more than 2} seconds and, when the 
milk left the rollers, it was still steaming. This clearly indicates that there 
was considerable moisture present when the milk ceased to be in contact 
with the hot surfaces, and its temperature cannot, therefore, have appreciably 
exceeded 100° at any time. The comparatively low temperature of drying, 
the short period of contact with the hot rollers, and the relatively short 
exposure while hot to oxidation (compared with the spray process), may all 
contribute to the results we have found. 

We are aware that under unsuitable conditions of storage, especially 
exposure to the air, dried milk undergoes marked change, and it is possible 
that the accessory food factors present are affected. This is a purely theoretical 
conclusion based upon physical changes in dried milk, and we have not, at 
present, any experimental evidence to support this view. Other workers 
[Hess and Unger, 1919] have expressed similar opinions. 

We have called attention earlier in this paper to the fact that milk, 
especially full-cream milk with its high percentage of fat, is hardly a suitable 
diet for guinea-pigs. The question, therefore, arises how far such experiments 
are applicable to infant feeding. It has been argued that pasture-fed cattle 
yield milk of higher anti-scorbutic value than do stall-fed animals. It might 
equally be argued that human milk would, for the same reason, be markedly 
deficient in anti-scorbutic value, as compared with cow’s milk. Whether or 
not this is the case cannot be known until experiments have been made with 
human milk. 

We éan only conclude from our own work that the results give a con- 
siderable measure of support to the clinical opinion, widely held in places 
where dried milk has been used for infant feeding during many years, that 
perfectly fresh milk dried by the roller process and stored in air-tight vessels 
contains sufficient anti-scorbutic accessory food factor to prevent scurvy in 
infants fed solely on a milk diet [e.g. Coutts, 1918]. 

It should be recognised, however, that whilst. such dried milk is apparently 
equal to raw milk in anti-scorbutic value neither is rich in anti-scorbutic 
vitamin and where infants are only taking small quantities of milk or are 
upon a diet which is mainly farinaceous, the addition of a little fruit-juice 
is not only desirable but essential. 
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SUMMARY. 


Animals have been fed upon summer milk, winter milk, and neutralised 
milk dried by a roller process and upon milk dried by the spray process. In 
the case of the summer and winter milks the anti-scorbutic values were found 
to be about equal to one another and to those of the original raw milks. The 
neutralised milk had an anti-scorbutic value slightly less than that of the raw 
milk and the spray process dried milk was markedly deficient in anti-scorbutic 
value. 

Of the summer and winter dried milks a daily dose of 26 cc. per 100 g. 
body-weight, of reconstituted milk was, on the average, sufficient to afford 
protection against scurvy in the guinea-pig. 
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I. INTRODUCTION. 


THE literature of research work performed to elucidate the effect of diet on 
the secretion of milk does not give the impression that there is a definite 
relation between the two things. On the other hand, the great experience of 
the farmer indicates how closely these are related, and any precise information 
would be not only of value to him, but might also assist in overcoming the 
disability so frequently met with in modern women, many of whom are unable 
to breast-feed their children owing to a deficient secretion. 

Various methods are available for studying this problem. 

1. The animals could be fed on diets of well-known foods, used in different 
proportions, such as bread, meat, butter, etc. 

2. Synthetic diets could be employed, consisting of isolated carbohy- 
drates, proteins, fats, vitamines, salts and water. 

3. A combination of both the above methods is possible. 

It seemed probable that some factors could be most easily found in one 
way and some in another. 

Since man lives on natural foods and not on a diet of synthetic foodstuffs, 
the first method is more likely to yield results, directly applicable to human 
mothers and babies, than either of the others. Hence in the experiments 
described in this paper, the diets were chosen from ordinary foods and the 
rate of growth of the young during the lactation period was gauged by the 
daily increase in weight. The mother’s weights were also recorded, since an 
ideal diet would keep up the mother’s weight, and at the same time provide 
for the rapid growth of her young, while an inadequate diet might fail in one 
or both respects. 

An omnivore had to be used and rats were chosen, because they readily 
eat all foods normally taken by man, and psychic effects resulting from 
forcing an animal to eat unpalatable food were prevented. Also rats were 
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most convenient, since they are small, have short gestation and lactation 
periods and will breed throughout the year, provided they are kept warm. 
One rat will give birth to and rear as many as six healthy litters in a year. 

The drawback to work on rats is that it is difficult, if not impossible, to 
differentiate whether the results obtained are due to alteration in quantity 
or quality of the milk. 

Although very little appears to be known about the actual factors con- 
cerned in the production of milk, it is generally accepted that a nursing 
mother should have a large proportion of protein in her diet. The experi- 
ments described later tend to show that this statement needs modifying to 
some extent. Up to a certain limit protein is certainly beneficial, it not only 
promotes good growth in the young, but also helps to maintain the mother’s 
weight and prevent excessive loss, but above that limit, decidedly harmful 
effects are obtained and the baby rats usually die, showing very typical 
symptoms. 

The experiments of McCollum, Simmonds and Pitz [1916] were made on 
similar lines to those described in this paper, but the mothers were fed on 
synthetic diets. These observers showed that a maximum rate of growth in 
the baby rats can only be obtained when the mother is receiving a full diet, and 
that with a poor diet, although the litter does gain, yet the gain is not normal, 
and is at the expense of the mother’s own tissues, as shown by the fact that 
her weight goes down during the lactation period. They further pointed out 
that there are limits beyond which the mother cannot meet the demands on 
her tissues and certain factors (especially fat-soluble A and water-soluble B) 
must be present in the diet and cannot otherwise be supplied by the mother 
(or only to a very slight extent for a limited time). On the whole the experi- 
ments described below agree with those of McCollum, Simmonds and Pitz, 
but it is shown here that the loss in weight of the mother, which is so charac-" 
teristically noticed with a poor diet, can. be prevented, except for an initial 
loss, by adding extractives to the mother’s diet, in spite of the fact that it 
may still be inadequate in other respects. In speaking of the work of these 
observers one comment suggests itself with regard to the duration of their 
experiments. Their curves extend over a period of 24 days, but a baby rat 
usually begins to eat at about the 18th day and is quite capable of living 
without its mother from the 21st day, so that the last part of the curve may 
not be entirely due to the nourishment obtained from the mother. 

On the other hand the babies might have been prevented from eating for 
themselves, but this would hardly be working under normal conditions and 
would put an extra strain on the mother rat. 

Hart, Nelson and Pitz [1918] proved that the mammary gland has not 
the power to synthesise lysine, and that as far as proteins are concerned, 
the milk secretion is ultimately dependent upon the quality and quantity of 
amino-acids ingested in the food. The actual dependence of the milk secretion 
on the food ingested is also noticeable in the experiments described later, 
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in which the diet is changed during the lactation period, and an immediate 
effect on the rate of growth of the young can be seen. 

These observers further state that the average time taken by a young rat 
to double its birth weight is 14 days, but they do not support their statement 
by experimental evidence. 

On the other hand McCollum, Simmonds and Pitz show by actual weight 
curves that the time taken is much shorter, viz. 7 days with a full diet and 
8-9 days on a deficient diet. This latter fact is in accordance with results of 
experiments described below, which are also based on actual figures. Therefore 
it seems permissible to say that the time taken to double the weight of a 
new-born rat is 7-9 days and not 14 as stated by Hart, Nelson and Pitz. 

A great deal of work has been done on the composition of milk as varied 
by different diets, but in all cases larger animals were used and consequently 
a certain quantity of milk could be obtained and analysed. In experiments 
such as are described in this paper, it is of course impossible to analyse the 
milk, and its quality can only be surmised from the rate of growth of the 
young. 

Voit’s experiments on a bitch showed that the composition of the milk 
secretion only varied slightly when the mother received different diets, such 
as meat alone, meat and starch, meat and fat, starch alone, fat alone and 
also when she was starved. However the composition of the milk did vary 
to a slight extent and this variation might possibly have been greater had 
the animal been fed on the same diet for more than 2-3 days. 

Lusk [1917] fed a goat on a diet of hay, cornmeal and bran, then starved 
it for two days, after which it was fed again on the original diet. He found 
that when the animal was starving the fat content of its milk was greater 
than normal and nearer in quantity to that:found in the milk of the dog. 
When the goat received its normal diet again, the fat content of the milk was 
reduced. 

It is somewhat difficult to correlate experiments such as are described in 
this paper with known facts about dairy feeding, because the object in view 
is different. When feeding animals on the commercial scale, it is necessary 
to consider what foods produce the greatest quantity of milk and butter fat 
for the least cost. Although the amount of butter fat and the amount of 
protein in the milk are generally closely related, at any rate in some animals, 
yet this may not always be the case. 

Again it is difficult to draw conclusions with regard to human milk secre- 
tion from results obtained by feeding cows, since the metabolism of a herbivore 
must be different from that of an omnivore. 

It seems quite possible that a milk which is highly suitable for cheese or 
butter-making might not be so suitable for rearing the young. 

In order to obtain an abundant milk secretion, farmers have found it 
necessary to consider the palatability of the food and this factor has probably 
the same significance with all animals. The experiments described later show 
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that in many cases the young grow better when their mother eats more of 
any given food and therefore the question of palatability must certainly have 
a bearing on this question. 

Eckles [1911] states that in cows it is almost impossible to restore the 
milk flow to its original amount after once allowing it to run down from lack 
of food. With rats, however, it appears that a good diet after a poor one 
succeeds in pulling up the milk secretion practically to a maximum. 

Eckles also points out that with cows, if the ration is changed suddenly 
from grain to grass, a peculiar taste is noticed in the milk, but this is scarcely 
detected if the ration is changed by degrees; in other words, the milk supply 
seems to be dependent, to some extent, on the food taken at the time. This 
fact is also shown by altering the diet of the rat, as a result of which a difference 
is at once evident in the growth curve of the young. 

Eckles further states that for a heavy-milking cow, the food must be 
concentrated, since sufficient grass to provide material for the secretion cannot 
be eaten and, therefore, grain must be supplied in addition. 

On the whole farmers think that diets rich in protein are the best for 
getting a good supply of milk and this is certainly supported by the experiments 
done on rats, provided the ration does not contain a large excess of protein. 

A well-balanced diet is recommended for cows and it is evident from the 
experiments described later that this is an important factor. It is found with 
rats that butter may have practically no effect when fed with bread only, 
but may be quite beneficial if fed with a better, more mixed type of diet. 

A heavy milking cow usually loses weight for 2-3 weeks (and sometimes 
more) after the birth of the calf, probably because she is not taking enough 
food for all her requirements. This feature is also exhibited in the curves 
shown later. Many of the rats lost a considerable amount of weight for the 
first few days after the birth of the litter, and for about 48 hours after the 
birth they rarely ate more than the average rat. 

This loss of weight of the mothers may be due to one of the following 
factors: 

1. The energy of the diet might be insufficient to supply food for the 
young and to replace the mother’s heat loss. 

2. The diet might be adequate from the energy standpoint, but lacking 
in certain necessary constituents, which are then supplied from the mothez’s 
own tissues, thus causing a loss of weight. 

This latter supposition is supported by an experiment of Hart and 
Humphrey [1915]. They fed a cow on a food with a “nutritive ration” of 
1 : 8, 7.e. one part of protein to eight parts of carbohydrate and fat. Provided 
the protein given was milk protein, this diet gave a positive nitrogen balance, 
but if wheat protein was substituted a negative nitrogen balance resulted. 
The amount of protein in the milk was unchanged and the loss of maternal 
nitrogen must have resulted from tissue breakdown, consequent on the lower 
biological status of wheat protein as compared with milk protein. 
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II. METHODS EMPLOYED. 


The actual experiment was started as soon as the litter was born. In the 
majority of cases the babies were born in the night, but a litter born during 
the day was not weighed until the next morning, because it was found 
desirable not to disturb the mother too soon. 

During the gestation period the females were fed on an ordinary mixed 
diet, consisting chiefly of bread, with small amounts of milk and green and 
other vegetables. They were removed from the males a few days before the 
birth of the litter. The number in each litter was always reduced to six. The 
mothers and litters were weighed every day, as nearly as possible at the same 
time and after weighing they were given their 24 hours’ rations. It was im- 
possible to give definite and equal amounts to the various rats, because their 
appetites exhibited great differences, and what was ample for one rat proved 
to be starvation diet for another. Hence the method was adopted of keeping 
the proportions of the constituents of the food constant and allowing the 
rats to eat what they liked, the amount eaten, of course, being noted. If a 
rat ate all its food, then the diet was increased the next day. In this way, 
with a little experience it was easy to gauge the animals’ appetites, and feed 
them so that only small quantities were left each day. It seemed essential 
that they should have sufficient to satisfy them, otherwise abnormal curves 
were obtained for the litters, even though the mother was given a very good 
diet, such as bread and milk (which will later be shown to be one of the best 
diets for a nursing rat). 

Bread alone was taken as the poorest type of diet. In every case, except 
where 100 cc. milk were given, the animals were allowed water to drink. 

It was found that 15-0 g. bread was enough to start with and the amount 
was increased as necessary. When other foods were to be given, they were 
mixed with the bread, so that an even mixture was obtained. The bread etc., 
was always slightly moistened with warm water, because the animals would 
not eat much dry food, and it was also advantageous because they did not 
scatter the paste thus made about their cages, as they did dry food. The 
bread ration was increased by 5-0 g. per diem when necessary and the other 
foods in corresponding proportions. 

The chief diets used were: 


1. Bread only 

2. >» and meat extract 

3. » butter 

4. >» 9» dextrin : : 

# . with water to drink. 
5. a , caseinogen 

6. ~ » milk 

a ¥ » meat 


8. Meat only 


Various combinations of the above were also made, e.g. bread, butter and 
meat extract. 
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The day on which the babies were first seen eating, generally the 18th, 
is indicated by * on the curves. The mothers were removed on the 21st day, 
unless the babies did not eat at the usual time, in which case the mother was 
" allowed to remain three days after the babies began to eat. 


III. Errect OF VARIATION IN THE MOTHER’S DIET ON THE GROWTH 
OF THE LITTER. 


(a) General conditions. 


Considerable differences were shown in the weights of the various litters. 
In some cases the average gain per day was about 4-5 g., while in others it 
was as much as 11-12 g. It might be expected that the daily gain would be 
greater towards the end of the lactation period than at the beginning, but this 
was not always the case. On a good full diet, e.g. bread and milk, there was 
a slight actual increase in weight gained per day towards the end of the 
lactation period, tending to keep the percentage increase constant, but with 
a poor diet, e.g. bread only, the actual increase in weight per day was usually 
greater at the beginning than at the end of the period. This latter fact seems 
what would be expected because such a diet is lacking in certain constituents 
which are normally present in milk and, it may be inferred, were present 
in the milk of these rats, as the litters were normally healthy, but small. The 
constituents are probably supplied from the mother’s tissues. Therefore 
towards the end of the lactation period it is probable that the available 
reserves of these special substances are coming to an end and consequently 
the babies do not gain as much as previously. In keeping with this explanation 
is the fact shown in the curves that the mothers themselves lose weight on 
poor diets. On other poor diets and especially those rich in extractives there 
seems to be a fairly uniform daily gain in the weights of the litters and the 
mothers’ weights remain constant. 

There are a few remarks which apply generally to the curves. Later they 
will be treated separately. 


1. The relation of the milk secretion to the amount of food taken by the mother. 

In the majority of cases, given any definite diet, a litter belonging to a 
mother which ate considerably more than another, did better than the litter of 
a mother which ate less. 


2. Relation of milk secretion and age and weight of mother. 


The age and weight of the mother seem to be unimportant factors. In 
some instances the heavier rats brought up their litters better, 7.e. curves of 
the young were better but this was by no means a general rule. In some 
cases a first litter did not grow as rapidly as the later ones, but this again is 
not always true. . 
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3. Condition of litters. 


(a) At birth. Litters of very low weight 7.e. about 20-0 g. for six (normal 
weight of six is about 30-0 g.) were generally weakly, but with a good mother 
they usually pulled up after a few days In a few cases the six weighed a 
small amount and yet did well. This was when they belonged to exceptionally 
large litters and this fact alone accounted for their low weight. Also such 
babies seemed physically fit, while weakly litters were easily detected by 
their general appearance as well as low weight. 

(b) During lactation. In all cases (except where excess protein in the form 
of caseinogen was given) the litters were healthy and the babies quite strong 
and able to look after themselves when separated from their mothers, but the 
large differences in weight were parallelled by differences in size, e.g. a 10-11 
days’ “bread and milk” baby was often about the size of a 20-21 days’ 
“bread” baby. With the poorer diets, especially bread only, bread and butter, 
bread and dextrin, the babies’ coats were rather thin, more like an animal’s 
summer coat. An exception to this statement was found in the case of bread 
and meat extract where the babies had a normal coat, rather thick and silky. 
All the babies (except when the mother was given excess protein, as before 
mentioned) were able to run about at the usual age. Those belonging to the 
less well-fed motbers were, if anything, more lively than the fatter litters of 
the well-fed mothers. The babies belonging to the rats fed on (1) meat extract 
and bread, (2) meat extract, bread and butter were specially active. The 
general good health and activity of the young rats, even when the mother’s 
diet is deficient and their own weight small, indicate that it is the quantity 
rather than the quality of the milk which suffers as the result of defective 
feeding in the mother. 

(6) Individual diets. 

The majority of the figures consist of two sets of curves: 

1. The mothers’ weights. 

2. The weights of the litters. 

The corresponding mother and babies are indicated by the same symbols. 
At least three experiments were made with each diet, and an average growth 


curve given in Fig. 6. 


1. Bread only. Basal diet. Water to drink. 


The diet consisted of white bread, no crust being used. It was slightly 
moistened with water to prevent it from getting too dry. An initial ration 
of 15-0 g. per diem was given and this was increased by 5-0 g. at a time when 
necessary. 

In each experiment the mothers lost a considerable amount of weight and 
their curves show a varied loss throughout the lactation period. A large 
initial drop in weight was shown by two of the three animals and this is 
typical of many other experiments. 
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The litters show a steady but not large daily increase, which gradually 
gets less towards the end of the lactation period. Roughly, the curve might 
be divided into three parts, the first showing a daily increase of about 4-5 g., 
the second of 3-6 g., and the third of 2-2 g., after which the babies began to 
eat for themselves (see Fig. 6 and table on p. 158). 

This diet consisted chiefly of carbohydrate in the form of starch and 
protein. It was, therefore, partially deficient in fat, fat-soluble A, water- 
soluble B, and the anti-scorbutic factor. Since the young rats were healthy 
throughout and showed normal activity, it is probable that the mother can 
supply these deficiencies from her tissues. And, also, as the daily gain 
gradually becomes less, it might be inferred that the mother’s tissue supplies 
cannot entirely meet the demands made on them. 

It is seen from the figures given below that J ate more than either of the 
other rats and her litter showed the best growth; further, Z ate more than Y 
and the L babies did better than the Y babies. 

I ate 520 g. bread in 17 days 
LO, » 19 ,, 
Y 9» 2 os i a se 

Result. The rat can bring up a healthy litter, normal in all respects except 
size, on a diet deficient in fat and vitamines. The mothers lose weight through- 
out the lactation period (see tables on p. 158). 


2. Effect of adding meat extract to basal diet. Water to drink. 


The initial diet consisted of 15-0 g. bread and 2-0 g. meat extract (a com- 
mercial preparation “Jardox” was used). The extract was dissolved in hot 
water, poured over the bread and an even mixture made. When necessary 
the diet was increased by 5-0 g. bread and a proportionate amount of meat 
extract added. This diet is slightly better than the basal diet, but is again 
deficient in fat and probably in vitamines as weil. Nevertheless there are 
remarkable differences in the results. 

The most noticeable feature when meat extract is given, is that the 
mothers’ weights show very little or no loss, and in one case a decided gain 
was exhibited throughout the lactation period. Also the initial loss in the 
mothers’ weights (pointed out previously when discussing the bread diet) is 
absent in two of the three animals. In addition the mothers show a steadier 
weight curve than that usually obtained, when the animals frequently lose 
or gain about 10-0 g. per day. 

The greater increase in growth of the litter as a result of the mother’s 
eating more is again illustrated. 

3 ate 490 g. bread and 66 g. meat extract in 18 days 
we. ae ae % i 18 
Pee ae ee A ‘5 17 

The litters show a more even increase in rate of growth throughout the 
lactation period and do not exhibit the slower growth towards the end of the 
10—2 
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period, as shown by litters whose mothers received only bread (see Fig. 6 and 
table on p. 158). 

Result. When extractives are added to the basal diet, the mothers lose 
very little, if any, weight and their curves are much more regular. As com- 
pared with bread diet the milk secreticn is slightly improved, more especially 
at the end of lactation and the litters gain practically equal amounts throughout 
the lactation period. 


3. The effect of additional carbohydrate in the diet. Water to drink. 

The initial ration consisted of the usual 15-0 g. bread to which 5-0 g. 
dextrin were added. The dextrin was dissolved in a small quantity of hot 
water, the bread added and an even mixture made. 

The curves representing the rate of growth of the litters are practically 
identical with those of litters whose mothers fed on bread only. From this it 
appears that an excess of carbohydrate in the diet makes no difference to the 
milk supply of the mother, which is very different from the results obtained 
when excess protein was given to the mother (see curves in Figs. 1, 2, 3 to 
be described later). 

The mothers’ curves also are very similar to those of the rats fed on bread 
only, a typical loss in weight being again a characteristic (see table on p. 158). 

Result. Additional carbohydrate in the form of dextrin has no effect on 


the milk secretion. 


4. Effect of adding fat and fat-soluble A to basal diet. Water to drink. 

Two types of diet were used in these experiments: 

(a) 15-0 g. bread, and 2-0 g. butter, for initial diet. 

(b) sie - 5:0 g. os Kins 

The bread was moistened with hot water, the butter melted and an even 
mixture made. 

The curves of the growth of the litters are again similar to those obtained 
when the mothers were given a bread diet. 

From the experiments made under these conditions, it seems that the 
extra fat has a slightly depressing effect on the curves of the litters, but this 
may be an indirect effect, because it was found that with a fatty diet of any 
kind, the mothers tended to eat less than the normal amount. In such a diet 
the calorific value was not appreciably depleted, but the animals were getting 
less protein. 

These experiments suggest that fat is an unimportant factor in the 
question of milk production. 

The curves of Fig. 2 suggest that fat may play a more important part if 
more protein is given, because litters K and M in the upward parts of their 
curves did better than litter O, the mother in this case receiving no fat in 
her diet. The significance of this is by no means clear and the point awaits 


further investigation. 
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Result. When fat and fat-soluble A are added to the basal diet, the mothers 
lose in weight as on the basal diet and the rate of growth of the litters is 
practically the same as when the mothers are fed on bread alone (table, 


p. 158). 
5. The effect of adding milk to the basal diet. 


The milk ration was kept constant at 100 ce. per diem. An initial amount 
of 15-0 g. bread was given and increased by 5-0 g. as in previous experiments. 
This is decidedly the best diet used as it contains all the necessary factors. 
The daily gain of the litter exceeded that obtained with any other diet (see 
Fig. 6, curve D). When milk was given to the mothers it was noticeable that 
the actual daily increase in weight of the litters became greater towards the 
end of the lactation period, the exact opposite of what was found with poor 
diets, e.g. bread, or bread and dextrin, or bread and butter. The mothers’ 
curves were somewhat irregular but speaking generally, a loss in weight was 
followed by a gain, so that there was no very great permanent loss. 

Result. Milk added to the basal diet forms a most efficient food and the 
litters show maximum gains in weight (table, p. 158). 


6. (a) Effect of adding meat to basal diet. Water to drink. 


Equal weights of bread and meat were given. The bread was moistened 
with water as before, the meat minced finely (after removal of fat) and an 
even mixture made. 

The mothers’ curves are characterised by gain rather than by loss of weight. 
The litters gained practically equal amounts daily throughout the lactation 
period. This result is similar to that described with respect to those litters 
whose mothers were fed on bread and meat extract. The addition of meat 
to the bread had an obviously beneficial effect on the secretion of milk (see 
Fig. 6, curve 2). 

Result. Meat added to the basal diet of bread promoted rapid growth of 
the young, but not so marked as when the mothers were fed on bread and 


milk (table, p. 158). 


(b) Effect of feeding with lean meat only. Water to drink. 


This diet was not so good as that of bread and meat, possibly because the 
carbohydrate was insufficient for the effective metabolism of the protein 
taken. The mothers lost weight and the daily gain of the litters was less than 
half that of the litters whose mothers received bread and meat (see Fig. 6, 
curve 10 and tables on p. 158). 

When fed on bread and meat or meat only the rats ate large quantities, 
e.g. 30-0 g. meat plus 30-0 g. bread, and 60-0 g. meat. These are exceptionally 
large amounts considering that the rats were by no means fully grown and 
only weighed 190-0 and 150-0 g. respectively. Even then, when eating meat 
only, the rats would not be getting an energy value equivalent to that of the 
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basal diet. The average amount eaten per day on a meat diet was 45-0 g. 
and on a bread diet the average consumption was about 28-0 g. per day. The 
energy value of 45-0 g. meat is about 460-0, while that of 28-0 g. bread is 
690-0. Hence on a meat diet the mother may not be able to eat sufficient 
food to get the necessary amount of energy for a good milk secretion. 

Result. Meat only is not a diet suitable for producing a good mammary 
secretion, possibly because the energy of the food is too little to allow for 
the supply of a good milk secretion. 


(ce) The effect of adding bread to a diet consisting entirely of meat. 
Water to drink. 

A rat was fed entirely on meat for nine days of the lactation period and 
then her diet was changed to an equal mixture of bread and meat. When 
the mother was eating meat alone, the litter gained an average of 4-0 g. per 
day, but when her diet was altered they gained on an average 6-8 g. per day. 
She lost less weight on the mixed diet and after a few days even showed a 
tendency to put on weight. The question of change of diet during the lactation 
period is discussed more fully later. 


7. The effect of adding butter and meat extract to basal diet. Water to drink. 

The proportions used were 15-0 g. bread, 2-0 g. butter and 2-0 g. meat 
extract (commercial preparation “Jardox”). The meat extract was dissolved 
in sufficient hot water to moisten the bread. The butter was melted and the 
whole made into an even mixture. 

An interesting point arises here in connection with the mothers’ weights. 
In other experiments, where meat extractives were fed, the mothers did not 
lose weight to any appreciable degree, but either maintained or slightly 
increased their original weight. In these earlier described experiments, no 
fat was given, while in the ones now being discussed, two or more g. of fat 
were taken per day. The action of the fat appears to inhibit that of the ex- 
tractives since the mothers lost weight to about the same extent as when they 
were fed on the basal diet of bread only. A further point is brought out by 
these results. One mother lost more weight than either of the others which 
received the same diet. At the same time her litter gave a better growth 
curve, the improvement being greater than could be accounted for by the 
extra food eaten by their mother. Similar results were obtained in other 
experiments, which might be taken to indicate a connection between loss of 
weight in the mother and gain of weight in the young. 

However, the experimental evidence is insufficient to allow of a definite 
statement either with regard to the metabolism of simultaneously ingested 
butter and extractives, or the mutual relation between the weights of the 
mother and her offspring. 

Result. When fat is added to a diet of bread and meat extract it does not 
have any marked stimulating effect on the production of milk and the litters 
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do not show any great increase in weight (table, p. 158). On the other hand 
the addition of fat now brings about loss in the mother’s weight, which is 
not evident in its absence (table, p. 158). 


8. The effect of excess protein in the mother’s diet (Figs. 1, 2, 3). 

The protein employed was pure caseinogen used in various diets described 
below. 

The results were striking, the litters did well for a time, but eventually 
died, showing typical symptoms. In most cases they gained weight normally 
at first, then ceased to gain, finally lost weight and died. The first indication 
that something was wrong with the babies was that they became very ex- 
citable, and when taken out to be weighed, kicked and struggled, whereas 
normal babies would have kept fairly still. The age at which the symptoms 
developed varied in the different litters according to the diet chosen, but all 
exhibited them sooner or later. About two days after the excitability was 
first noticed, the babies usually showed signs of inability to crawl normally 
and had a marked tendency to drag one hind leg and roll over towards that 
side. 

Later extensor and contractor spasms were evident and in very bad stages 
the young rats dashed madly round their cages, bit each other and their 
mother and knocked themselves wildly against the sides of the cage. The 
fits generally lasted 3-5 minutes, after which the babies were exhausted and 
slept. 

If the symptoms were not really bad until the babies were about 18 days 
old, they frequently recovered, if they ate for themselves. When the babies 
died at about 15-16 days, death was always preceded by extreme weakness 
and they had the appearance of being starved, although starvation alone 
could not cause these symptoms. On examination their alimentary canals 
were found to be practically empty, which naturally suggested interference 
with the milk supply of the mother. Accordingly the mother was killed and 
the mammary glands were found to contain no milk, but only a small quantity 
of a lymph-like substance, while the glands of a well-fed mother contained 
a large amount of milk, which oozed out directly the tissue was cut. Thus 
it appears that excess protein in the diet first causes the production of abnormal 
milk and then stops the milk supply. 

The mothers appeared to be normally healthy but in some cases developed 
diarrhoea to a slighter or greater extent and the faeces were light in colour. 

This question of the relationship between protein metabolism and milk 
secretion arose purely incidentally in the experiments. Its importance was 
at once recognised and therefore experiments to elucidate the problem were 
begun and are still in progress. 

The mothers gained noticeably in weight and remained apparently in good 
health even when the young all died. Whether an excess of protein in the 
diet has any relation to the development of fits in suckling children or even 
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to the abnormal excitement and restlessness that is often seen in such children, 
remains to be examined by further investigation. 


(a) Effect of adding excess caseinogen to basal diet. Water to drink (Fig. 1). 
The proportions used were 15-0 g. bread and 5-0 g. caseinogen. The bread 
was well moistened and thoroughly mixed with the caseinogen. 
The litter P did not develop the symptoms early, possibly because their 
mother ate less caseinogen than N or 7. However three died; probably the 
others survived because they ate for themselves. 
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Fig. 1. Diet of bread and caseinogen. 


Litter N all died, in spite of the fact that the mother’s diet was changed 
to bread and milk on the 13th day when the symptoms became evident. It 
may be that the milk supply started again as found in experiment O (p. 154), 
but the babies were too weak to suck. . 

Litter T showed symptoms similar to those of litter N, one was found 
dead on the 17th day, two more died that day and the remainder were killed 
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together with their mother. The babies’ stomachs were empty and their 
intestines almost so. The mother appeared normal, except that on cutting 
the mammary glands, no milk oozed out, but only a thin lymph-like secretion. 

Result. Addition of excess caseinogen to the basal diet causes the mother 
to put on weight, but the milk supply is affected in such-a way that the 
litters do well up to the 10th day, after which they cease to gain weight and 
finally die. It appears that the quality of the mother’s milk, after being very 


good, is detrimentally altered before being completely suppressed. 


(6) Effect of adding caseinogen to other diets. Water to drink (Fig. 2). 


The diets given were: 
1. Bread 15-0 g., caseinogen 5-0 g., meat extract 2-0 g. degrees Exp. O 
2. ” ” ” ” * 9 » butter 2-0 g. Exp. K 
3. ” ” ” ” Y east ” ” 2”? ”? Exp. M 
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Fig. 2. Diet of excess caseinogen in different combinations. 
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The yeast extract used was “Marmite” and the foods were mixed as before 
described. 

The mothers’ weights again show a decided increase. The weighings of M 
were discontinued because she was found to be pregnant. 

With regard to the litters, all the K babies died, in spite of the fact that 
the mother’s diet was changed. It seems probable, as suggested previously, 
that the milk supply was not re-established until the babies were too weak 
to suck. 

In the case of M the diet was changed to bread and milk before the 
symptoms became very severe, and as shown by the curve, the babies re- 
covered. Later they were given to a foster mother as their own mother was 
pregnant and there was the possibility of the birth of another litter. (This 
second litter proved to be quite normal in every respect.) It may be that 
the rat’s becoming pregnant again, while no others did so, is a factor which 
must be taken into account, but the work is insufficient to warrant any 
suggestions upon this point. 

Litter O all developed the typical symptoms; one was dead on the 15th 
day and the remaining five died the next day. The mother O was killed on 
the 16th day (24 hours after the diet had been changed to bread and milk) and 
her mammary glands contained a small quantity of milk which led to the con- 
clusion that the milk supply was just being restarted. The babies, like those 
of litter N, had nothing in their stomachs and very little in their intestines. 

Result. The milk supply of the mother is stopped by excess caseinogen 
in any diet, but the secretion can be re-established by changing the diet to 
bread and milk. 


(c) Comparison of bread and milk diet with one containing 
excess caseinogen (Fig. 3). 
The diets used were: 


1. 100 cc. milk, bread 15-0 g. (increased when necessary) eco: Sag wD 
2. Bread 15-0 g., caseinogen 5-0 g., meat extract 2-0 g., butter 2-0g.... Exp. K 


An interesting point is brought out by this experiment. The two curves 
run parallel until the 10th day. This is a curious fact for it is to be remembered 
that bread and milk diet gives the best growth curve. After the 10th day, 
the litter K ceased to gain weight and finally died. Possibly a similar diet 
to that used in experiment K, 7.e. bread, caseinogen, meat extract and butter, 
would give a maximum growth curve, if less caseinogen were used. It is hoped 
to work out this point later. 


9. (a) Comparison of animal and yeast extractives (Figs. 4, 5). 


The diets used were: 


A. 1. Meat extract, bread, caseinogen, butter Exp. K) Fic. 4 
2. Yeast ,, 2 ‘ Pa Exp. Mf = 

B. 1. Meat extract, bread and butter bia Benet A. 2 
eas Fig. 5- 
a. Tot . oa # die Exp. A 
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Fig. 3. Comparison of diet of bread and milk with diet of bread, butter, 
meat extract and caseinogen. 
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The diets were mixed as before described. The meat and yeast extracts 
used were the commercial preparations “Jardox” and “Marmite” respec- 
tively. 

The work on this question is scanty, but tends to show that the growth 
curves of the young are better when the mother receives animal extractives, 
than when she is given yeast extractives in her diet. 
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Fig. 5. Comparison of animal and vegetable extractives. 


(b) Comparison of various diets in relation to growth of litters (Fig. 6). 


In the following comparisons typical curves taken from the previously 
described experiments are used (see p. 158). 

1. Comparison of (a) bread (basal diet), 
(b) bread and fat, 
(c) bread and additional carbohydrate. 
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The growth curves obtained when the mothers were fed on the above 
diets were almost identical. Hence fat, fat-soluble A and extra carbohydrate 
added to a poor diet appear to have no effect on the mammary secretion. 
The mothers show a distinct loss in weight during the lactation period. 

2. Comparison of (a) bread (basal diet), 

(b) bread and meat extract, 
(c) bread and meat extract and fat. 
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The typical “bread curve” is compared with curves obtained by feeding 
the mothers on bread and meat extract, and bread, meat extract, and butter 
respectively. This shows that better results are obtained with the improve- 
ment in diet and also that (as pointed out previously) butter has not very 
much effect. The difference in growth is so slight that it could even be ob- 
tained using the same diet, and it may be concluded that a diet of bread 
and meat extract is practically equivalent to a similar one with butter added 
so far as the secretion of milk is concerned. 

3. Comparison of (a) bread (basal diet), 

(6) bread and meat, 

(c) bread and meat extract, 
(d) bread and milk, 

(e) 


e) meat only. 









with regard to effect on mammary secretion. 
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Weights of litters 
A. 


Days 7-14 


g. 
3-6 
3-06 
3°25 
5-25 
6-1 
8-66 
3-2 

10-5 
5-3 






















Fig. 6 represents a comparison of the typical growth curves obtained with 
widely different diets. To avoid complication in the figure, bread is taken 
as representing the curves of bread, bread and fat, and bread and additional 
carbohydrate, previously described as almost identical. Similarly bread, meat 
extract and fat is omitted owing to its resemblance to bread and meat extract 


Comparing the diets in this way accentuates the fact that differences in 
the curves are greater towards the end of the lactation period, than at the 
beginning, e.g. the curves of (D) (bread and milk) and (2) (bread and meat) 
run together till the 9th day and then gradually diverge. 
of L (bread only) runs parallel with that of (3) (bread and meat extract) 
until about the 7th day after which the extractives produce a better effect. 


Again the curve 


Table showing relative gain in weight of litter when 

mothers receive different diets. 
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Table showing initial and final weights of litters and mothers, 
when latter received different diets. 


Weights of mothers 















Mother’s diet At birth for themselves 
g. g. 
Bread only (basal diet) we 30 90 
Bread and butter ies ee 30 85 
Bread and dextrin ae — 30 88 
Bread and meat extract ies 33 114 
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(c) The effect of change of diet during the lactation period (Fig. 7). 


The effect of changing the diet during the lactation period is most striking. 
It is obtained quickly, the difference in daily gain being noticeable within 
24 hours after changing the food. The curve G represents the typical curve 
of a bread and milk diet and L that of a bread diet. 
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Fig. 7. Change of diet during lactation. 
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In experiment U the mother was fed on bread and milk for the first 
eight days and then the diet was changed to bread only. A decrease in the 
daily gain of the litter was noticed 24 hours after the change of diet (see 
Fig. 7). 

In experiment § the converse was tried, 7.e. bread for the first period, 
changing to bread and milk later and in this case the improvement in diet 
produced a corresponding increase in the daily gain of the litter. 

It is interesting to note how the parts of the curves due to a bread diet 
run parallel with the typical bread curve, and those due to bread and milk 
diet with the typical bread and milk curve. This experiment indicates that 
it makes no difference whether the good diet be given at the beginning or the 
end of the lactation, since the milk supply is largely dependent on the daily 
intake of food. 

This point was also noticed on changing from a diet composed entirely 
of meat to one of bread and meat. 


IV. THE SUPPLY OF ESSENTIAL SUBSTANCES FROM THE 
MOTHER'S TISSUES (Fig. 8). 

Since the mothers receiving such inadequate diets as bread only, bread 
and dextrin etc., were able to bring up healthy litters, normal in all respects 
except that they were smaller than those of litters whose mothers received good 
diets, it seems evident that the mothers can supply various constituents for 
their milk from their own tissues. 

The adequacy of the different diets was tested by keeping the young (after 
removal of the mother) on the same diets used during the lactation period. 
The results of these experiments are shown in Fig. 8. The day on which the 
babies began to eat for themselves is indiéated by * and the removal of the 
mother is shown by an arrow. 

From this diagram it is quite evident that with a full diet, e.g. bread and 
milk, bread and meat, the young will continue to grow at a fair rate after 
their mother has been taken away. On the other hand, with poor diets, the 
young rats gained weight very slowly after their mother had been removed. 

From these “poor diet” results, it appears probable that the mother is 
able to supply certain food constituents absent from the diet. 

The supply is cut short when the mother is removed and the young rats 
at once show a decline in the rate of growth. 


Bread diet. Experiment L: 
Baby rats gained 60 g. in 18 days when fed by mother. 
24g.,,11 ,, ,, eating bread. 
Bread and fat diet. Experiment Q: 
saby rats gained 68 g. in 17 days when fed by mother. 
- 2 Big TE oe eating bread and butter. 
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These experiments indicate that the mother can furnish from her own 
tissues, fat, fat-soluble A, water-soluble B, and the anti-scorbutic factor. 
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Fig. 8. Growth of litters before and after removal of mothers. 
Scale reduced 4 compared with other diagrams. 


V. GENERAL CONCLUSIONS. 

1. With certain typical diets, definite and different curves can be obtained 
for the rate of growth of the litters which obviously are an indication of 
differences either in quantity or quality or both of the mother’s secretion 
of milk. 

When the mother is given a good diet, e.g. bread and whole milk, the 
baby rats at the end of lactation weigh twice as much as when she receives 
a poor diet, e.g. bread only. 

2. The loss or gain in the weight of the mother is not definite, but liable 
to great variation. Speaking generally the mother loses less weight as the diet 
contains more physiologically good elements. In the majority of cases the 
mother shows a typical initial loss of weight at the beginning of the lactation 
period. 

3. Extractives tend to keep up the mother’s weight. Protein has a 
similar effect. 

4. Excess protein in the mother’s diet probably alters the composition of 
the milk and after a time causes the milk supply to cease. On altering the 
diet to bread and milk, the secretion is again established, 
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5. Excess carbohydrate appears to have no effect at all. 
6. Excess fat in the mother’s diet has a slightly depressing effect on the 
growth of the litter, but the absence of fat seems to make practically no 


difference. 

7. On any given diet, the litter belonging to a rat which eats a large 
amount, does better than one the mother of which eats a less amount. 

8. The mother can supply certain essential substances from her own 
tissues, viz. fat, fat-soluble A, water-soluble B and the anti-scorbutic factor 
during the normal period of lactation. 

9. The milk supply to a large extent is dependent on the food taken and 
can be increased or diminished within 24 hours by changing the diet. 


The expenses of the research were partly defrayed by a grant from the 
Medical Research Committee. 
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XVIII. INVESTIGATION OF THE ANTI-SCORBUTIC 
VALUE OF FULL CREAM SWEETENED 
CONDENSED MILK BY EXPERIMENTS 
WITH MONKEYS. 


By ELEANOR MARGARET HUME. 
From the Department of Experimental Pathology, Lister Institute. 


(Received January 5th, 1921.) 


INTRODUCTORY. 


EXPERIMENTS have already been made [Barnes and Hume, 1919] on the anti- 
scorbutic value of raw, dried and heated cow’s milk and for some of these 
experiments monkeys were used. Reference is there made to the literature 
of the subject, but as far as is known no experimental observations are extant 
on the anti-scorbutic value of sweetened condensed milk. 

It is probable from what is already known of the anti-scorbutic value of 
milk heated to 100°, or above, that unsweetened condensed “milk has lost all 
or almost all of its anti-scorbutic property, since it is heated at a temperature 
above 100° in order to sterilise it. With sweetened condensed milk however 
the high concentration of sugar is depended upon as the preservative after 
the preliminary pasteurisation of the milk. Concentration is carried out 
below 55° and is conducted in vacuo. It therefore seemed of interest to examine 
some well-known brand of condensed milk from this point of view and Nestlé’s 
was chosen for the purpose. 

In the work already referred to [Barnes and Hume, 1919], the minimum 
dose of raw milk daily needed to protect monkeys of 2-3 kilos. weight from 
scurvy was found to be 100-150 cc. daily. It was therefore only necessary 
to establish the minimum daily dose of condensed milk which would protect 
the same or similar animals from scurvy, in order to be able to calculate the 
loss, if any, suffered by the condensed milk. 


MATERIAL USED. 


The material used consisted of two batches of milk, of which one batch 
was used in experiment | and the other in experiment 2. 

By arrangement with the Nestlé Anglo-Swiss Condensed Milk Co., to whom 
the writer is indebted both for the gift of the material and for all details 
about it, the milk in each batch was absolutely uniform. Batch 1 was made 

11—2 
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on June 7th, 1919, and the experiment was started in August, 1919; batch 2 
was made on October 24th, 1919, and the experiment was started in February, 
1920. In neither batch was any of the milk from stall fed cows. 

The milk is condensed as follows: 

Pooled full cream miik is first heated in a vessel with continuous inflow 
and outflow, the temperature of which is about 80°. It is computed ‘that the 
milk remains at this temperature for about 3} minutes. The sugar is next 
added; during this part of the process there is access of air. It then passes 
to a vacuum condenser where it boils at about 50° for about three hours and 
is drawn off when it passes a certain viscosity test. It is then cooled in bulk 
and during this part of the process there is again access of air. 

Figures were provided by the Company giving the degree of condensation, 
which made it possible to calculate the amount of condensed milk equal to 
any given quantity of raw milk. These figures differ for every batch. 


TECHNIQUE OF THE EXPERIMENTS. 


The technique is fully set out in the paper already quoted [Barnes and 
Hume, 1919]. 

The basal diet consisted of boiled white rice and wheat germ and the 
ration of milk was relied on to provide sufficient vitamin A. 

Both monkeys were male sooty mangabeys (Cercocebus fuliginosus) the 
anti-scorbutic needs of which had been previously ascertained. The one 
“Rags” had remained in health on a ration of 200 cc. of raw milk daily for 
225 days, while the other “Toby” had developed scurvy after 77 days on 
a ration of 200 cc. dried milk; he was then cured on 200 cc. of raw milk, just 
scalded, daily. A ration of 200 cc. raw milk daily was therefore more than 
sufficient to provide anti-scorbutic for either of these monkeys, at a time 
when they weighed 2-3 kilos. In the course of the present experiments they 
grew to be monkeys weighing 5 and 4-5 kilos. respectively and were still 
growing; their anti-scorbutic needs might therefore be supposed to be greater 
and not less than in the preceding experiment. 


EXPERIMENTAL RESULTS. 


Experiment 1. This experiment was carried out with the June batch of 
milk. Both monkeys received the equivalent of 250 cc. of fresh milk daily, 
tags for 188 days and Toby for 199 days. 

In this period Rags grew from 3370 g. to 4190 g., an increment of 820 g., 
while Toby grew from 3560 g. to 4320 g., an increase of 760 g. Both remained 
in perfect health the whole time. 

Experiment 2. This experiment was conducted with the October batch 
of milk. Toby received the equivalent of 200 cc. of fresh milk for 260 days 
and increased from 4320 to 5020 g., an increase of 700 g. He was in perfect 
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health at the close of the experiment but the rate of growth was slower than 
in the previous experiment. 

Rags received the equivalent of 150 cc. of fresh milk together with 50 cc. 
of the same milk, autoclaved at 120° for one hour; this destroyed the anti- 
scorbutic in the added 50 cc. but made the vitamin A value of the ration 
the same as in the case of Toby. The animal increased in 246 days from 
4190 to 4570 g. an increase of only 380 g., less than half the growth in the 
former shorter period, and not much more than half the growth shown by 
Toby on the same vitamin A ration. The two animals’ rates of growth in 
the first experiment on identical rations were almost exactly the same: the 
animal however appeared to be in perfect health at the close of the experi- 
ment. 

The lag in Rags’ growth on the 150 cc. ration might be due to a slight 
anti-scorbutic insufficiency, but since in previous experiments [Barnes and 
Hume 1919], the minimum requirement for monkeys of 2 to 3 kilos. was 
found to be 100 to 150 cc. of raw winter milk a day, it cannot be definitely 
stated that any loss of anti-scorbutic potency is demonstrated in the con- 
densed milk. 

The loss, if any, is small and the same is also true with regard to vitamin A. 
The present experiments were not made with a view to testing this property, 
but save for the wheat germ, the milk provided the sole source of vitamin 4 
in the diet. Previous experience [Barnes and Hume, 1919] has shown that 
about 200 cc. of autoclaved milk daily provide a supply of vitamin 4 which 
enables good growth in monkeys of 2-3 kilos. to take place. 

A recent experiment of Hopkins [1920] has shown that the vitamin 4 
value of butter is only destroyed on heating at 120° for four hours, when access 
of air is permitted. Recent experiments by Delf [1920, p. 227] suggest that 
the anti-scorbutic vitamin is also much more susceptible to heat when free 
access of air is permitted. Unpublished experiments by Zilva show that there 
is loss of anti-scorbutic potency in substances exposed to the action of ozone. 
Doubtless these observations give the explanation of the non-destruction of 
vitamins in the condensation of Nestlé’s sweetened condensed milk, for though 
the milk is heated for a very considerable time, though at a low temperature, 
it is heated in vacuo. 

One important point should however be made with reference to the use 
of sweetened condensed milks in infant feeding. The above experiments show 
that there is little if any vitamin destruction in such milk but it must be borne 
in mind that in the experiments the milk was reconstituted to have as nearly 
as possible the same fat and vitamin (assuming no destruction) content as 
raw milk. That is to say that it was diluted at most four times (one vol. 
condensed milk to about three vols. water) whereas instructions for the use 
of the milk for infants suggest a dilution of at the lowest eight times and at 
the highest very much more. So large an addition of water produces a dilution 
of the fat and vitamins to an extent likely to be dangerous, although the high 
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percentage of sugar gives an adequate calorie supply, a danger to which 
attention was drawn by Coutts [1911]. 


Thanks are due to Dr C. J. Martin and to Dr H. Chick for help in directing 
the experiment and to Miss H. Henderson Smith for help in caring for the 
monkeys. 
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XIX. NOTE ON THE PERMEABILITY OF THE 
RED CORPUSCLES FOR AMINO-ACIDS. 


By SHUZO KOZAWA anp NOBU MIYAMOTO. 
From the 2nd medical clinic, Medical College, Osaka. 


(Received January 13th, 1921.) 


In preyious publications, one of the authors, S. Kozawa [1914, 1919], has 
shown that the red corpuscles of man and monkey can take up all the hexoses 
and pentoses, as well as glucosamine. This was proved by chemical analysis 
and by means of the hematocrit. In connection with this experiment, the 
permeability of red corpuscles was also tested for amino-acids by means of 
the hematocrit, and the following results were obtained on the blood of different 


animals. 


Table I. 
Time Alanine Glycocoll 
I. Red corpuscles of man. 
20 minutes 27-2 
6 hours 28-5 
II. Red corpuscles of dog. 
15 minutes 29-0 
5 hours 27-5 
Ill. Red corpuscles of horse. 
10 minutes 28-2 
2 hours 29-0 
IV. Red corpuscles of ox. 
10 minutes 25-5 24-0 
5 hours 24-0 23-0 
These results seemed to show that the red corpuscles were impermeable 
for amino-acids. The hematocrit test is, however, not so exact as chemical 
methods. It has been stated by Constantino [1913], who employed the formol 
method of estimation, that glycocoll, asparagine and the amino-acids obtained 
by the hydrolysis of caseinogen penetrated in small amounts into the red 
corpuscles of ox blood. We, therefore, thought it worth while to reinvestigate 
the permeability of the corpuscles in man, ox, and goat for amino-acids, 
employing the method of van Slyke [see Plimmer, 1915] for our estimation. 
For the removal of blood protein, we employed the method of Rosenberg 
[1914], using a 2 % solution of mercuric chloride, containing 0-8 % HCl. 
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EXPERIMENTAL. 


The amino-acids used in these experiments were isotonic solutions of 
glycocoll (2-2 %), and histidine (4-7 %). We first determined the quantities 
of the amino-acids present in normal defibrinated blood and its constituents, 
namely, the red corpuscles and serum. We then added 0-2 g. of each amino- 
acid (2-2 % glycocoll solution, 9-0 cc.; 4-7 % histidine solution, 4-25 ce.) to 
each 30 cc. of defibrinated blood. The mixture was then placed for one hour 
in an incubator at 38°. The red corpuscles and serum were then separated by 
means of a powerful centrifuge. The red corpuscles separated in this way 
still contain a small quantity of serum, which is estimated by means of the 
hematocrit, and allowed for in the formol estimation. After one hour in the 
incubator, 5 to 10 cc. of the mixture are taken up with a pipette, the proteins 
are removed, as already indicated, and the nitrogen contents estimated by the 
van Slyke method. By this method, glycocoll would give rather larger figures 
than are actually obtained, but this has been allowed for by reducing the 


results in the ratio of 105 to 100. 


Table IT. 
I. Experiments on ox blood. 


A. Normal defibrinated blood. 


Volume of 
amino-nitrogen Amino-nitrogen 
Kind of blood (corrected) in 10 ce. 
cc. mg. 

-Defibrinated blood 20 ce. 2-40 0-6936 

I. | Red corpuscles 20 ce. ... 2-15 0-6256 
‘Serum 20 cc. ... = 2-80 0-7989 
Defibrinated blood 20 cc 3-23 0-9173 

II. 4 Red corpuscles 20 ce. ... 2-80 0-7952 
Serum 20 ce. ... sod 3°18 0-8991 
‘Defibrinated blood 20 ce. 3°80 1-1105 

III. 4+ Red corpuscles 20 ce. ... 3°50 1-0228 
Serum 20 ce. ... “ee 3-20 0-9884 


B. Defibrinated blood 30 cc. with 0-2 g. glycocoll or histidine. 


Further cor 


Volume of rected with 
amino-nitrogen hematocrit Amino-nitrogen 
Kind of blood (corrected) volume in 10 cc. 
ce. ce. mg. 
I {Red corpuscles with glycocoll 10 ce. 6-93 3-135 1-8386 
* (Serum with glycocoll 10 ce. aut 22-10 — 12-9285 
( Red corpuscles with histidine 10 ce. 5-04 3-50 1-9687 
us. (Serum with histidine 10 ce. ne 11-20 — 6-3000 
Ul { Red corpuscles with histidine 10 ce. 5:17 3°88 2-2756 


* \Serum with histidine 10 cc. wad 10-34 — 6-0644 
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II. Experiments on goat’s blood. 


A. Normal defibrinated blood. 


Volume of 
amino-nitrogen Amino-nitrogen 
Kind of blood (corrected) in 10 ce. 
ce. mg. 
Red corpuscles 10 cc. ... 2-66 1-5324 
Serum 10 ce. eve oe 1-98 1-1414 


B. Defibrinated blood with amino-acid. 


Further cor- 
Volume of rected with 
amino-nitrogen hematocrit Amino-nitrogen 
Kind of blood (corrected) volume in 10 ce. 
ce. ce. mg 
Red corpuscles with glycocoll 10 ce. 8-84 5-13 2-9420 
Serum with glycocoll 10 cc. eee 23-66 _— 13-5350 
Ul ss corpuscles with histidine 10 cc. 6-60 5-60 3-2284 
* (Serum with histidine 10 ce. see 10-64 _ 6-1339 


III. Eaperiments on human blood. 


A. Normal defibrinated blood. 


Volume of 
amino-nitrogen Amino-nitrogen 
Kind of blood (corrected) in 10 ce. 
ce. mg. 
Blood 5 ce. eee 1-16 1-36996 
Red corpuscles cc... a7 1-39814 
Serum 10 ce. = ose 2-20 1-31450 


B. Defibrinated blood with amino-acid. 


Further cor- 


Volume of rected with 
amino-nitrogen hematocrit Amino-nitrogen 
Kind of blood (corrected) volume in 10 ce. 
ce. ce. mg. 
(Red corpuscles with glycocoll 10 ce. 10-08 7°10 4-1748 
* (Serum with glycocoll 10 ce. = 21-84 -- 12-8184 
I as corpuscles with histidine 10 cc. 6-88 5-02 2-9317 
* (Serum with histidine 10 ce. ve 14-30 — 8-3512 


It is evident from the results of these tables, that the amino-acid content 
of the red corpuscles undergoes a considerable increase on the additien of 
amino-acids to the whole blood. In the experiments given, the corresponding 
content of amino-acids was raised to two or three times the normal amount, 
and was below the content of the serum. We are thus, by the application of 
van Slyke’s method, able to confirm, on ox, man and goat, the results obtained 
by Constantino in ox blood by the formol method. 
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CoNCLUSION. 


We may conclude that the red corpuscles of ox, man and goat are, to a 
certain extent, permeable for amino-acids, such as glycocoll and histidine. 
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XX. THE ESTIMATION OF BLOOD SUGAR. 


By ERIC PONDER anp LAURENCE HOWIE. 
From the Department of Physiology, University of Edinburgh. 
(Received January 13th, 1921.) 


THE method devised by Folin and Wu in 1918 and revised by them in 1920 
[1918, 1920] has afforded a means of estimating blood sugar with a high degree 
of consistency and accuracy. To obviate the one objection to this method— 
namely, the necessity of using a larger quantity of blood than is readily 
obtained from a finger prick—Mackenzie Wallis and Gallagher [1920] have 
devised a micro-method, based partly on the work of I. Bang [1914], but 
chiefly on the method of Folin and Wu. That their method is convenient in 
the respect that small quantities of blood are required, is beyond doubt: their 
technique, however, introduces several very undesirable features, besides 
being somewhat lengthy. In their method the small quantity of blood required 
is weighed on absorbent paper on a torsion balance: the glucose is then ex- 
tracted from the paper by distilled water, the proteins precipitated by tungstic 
acid, and the sugar in the filtrate estimated by the method of Folin and Wu. 

The use of the torsion balance is an unfortunate feature of this method, 
for it almost necessarily introduces an initial error of considerable magnitude, 
owing to the evaporation from the absorbent paper. We have performed a 
series of weighings to demonstrate the extent of this error as follows: the 
subject was bled directly on to a piece of absorbent paper of known weight, 
hanging on the torsion balance, and the weight of the blood obtained by 
rapid weighing, the weighing being completed within ten seconds after the 
withdrawal of the blood from the finger. The piece of paper with the absorbed 
blood was then left hanging on the balance, and repeated weighings made 
at the end of one, two, three, and four minutes. The progressive loss of weight, 
which was greatest during the first minute, was found to be fairly constant 
for all samples of blood. That this loss by evaporation should occur is un- 
avoidable, and only to be expected: when it occurs to the extent of several 
milligrams in a sample of only about 150 mg. weight, the percentage error 
is too great to be disregarded. 

We give a table of the results obtained with five weighings—these five 
being representative of a large number made (the balance used was an instru- 
ment by Hartmann and Braun). 
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Ne eo ee ae 
Loss % occurring in 





Weight of — A —~, 
blood 1 min. 2 mins. 3 mins. 4 mins. 
163 1-2 1-8 3-0 3-0 
163 1-8 2-4 2-4 3-7 
165 1-8 3-0 3-6 3°6 
165 18 2-4 3-0 3°6 
160 1-9 2-5 31 3-7 
Mean 1-7 2-4 3-0 3-5 


It will be seen that if the interval between the withdrawal of the blood 
from the finger of a patient and the completion be as long as one minute an 
error of nearly 2 % is introduced, whereas if the interval be longer, a greater 
error will be present. This is unsatisfactory. Mackenzie Wallis and Gallagher 
prefer this method to the use of small sized pipettes of doubtful accuracy; 
since, however, it is an easy matter to calibrate a pipette to deliver 0-2 cc. 
with an error of as little as 0-5 %, we have preferred the use of such to the use 
of the torsion balance. The use of pipettes further greatly simplifies the 
technique, and at the same time avoids an obvious fallacy in the micro- 
method of these authors, the assumption that all the glucose in the blood is 
extracted from the absorbent paper by distilled water; it also avoids the 
inconvenient lengthening of the time required for the estimation, which this 
extraction entails. 

It may be pointed out that the error introduced by the use of the torsion 
balance (tending to give too high a percentage), may be compensated by an 
incomplete extraction of the glucose from the absorbent paper, the results 
finally obtained perhaps agreeing with results given by the method of 
Folin and Wu. To rely on this occurring is, however, most undesirable, for 
this compensation may not regularly occur. 

We suggest the use of the following simple micro-method, which is essen- 
tially the method of Folin and Wu applied to small quantities. 

Special apparatus, etc. required: 

1. The solutions required for the precipitation of proteins and the esti- 
mation of sugar in blood by the method of Folin and Wu. 

2. Small boiling tubes, about 7 x 70mm. The necks of these tubes are 
drawn out so as to form a tube of about 10 mm. long and 3 mm. in diameter. 
The tubes must be able to contain 1-2 cc., but not more than 1-5 ce. 

3. A micro-filtration apparatus. A small funnel about 1 inch in diameter, 
is passed through a rubber stopper in a wide, flat-bottomed tube, carrying 
a side tube which may be attached to a filter pump. The funnel delivers 
the filtrate into a small tube, about 10 x 30mm. which is contained in- 
side the tube above described. Over the filter is a cover, to protect the 
blood from evaporation during filtration. Slight suction only is used, applied 
not constantly, but intermittently, and only occasionally; the papers used 
with the filter are “extra-hardened.” This filter will produce 0-6 cc. of filtrate 
from the amount of blood used. 
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4. Pipettes, accurately calibrated by weight, to deliver 0-4 cc. and 0-2 cc. 
These may be operated by teats. 

The estimation is done as follows: 

1. Blood is drawn from the finger into a 0-2 cc. pipette. The contents of 
the pipette are added to 1 cc. of distilled water: the pipette is then twice filled 
with water, and these volumes, carrying with them the traces of blood from 
the walls of the pipette, are added to the tube containing the blood and dis- 
tilled water. 0-2 cc. of sodium tungstate and 0-2 cc. of 2/3 N sulphuric acid 
are then added: the tube is allowed to stand for five minutes at least, its 
contents being occasionally shaken gently. 

2. The contents of the tube are placed in the filter; after about two minutes’ 
filtration through hardened paper under slight pressure, sufficient filtrate will 
be obtained. It is important to keep the filter covered during filtration. 

3. Toasmall boiling tube, as above described, is added 0-4 cc. of a 0-01 % 
glucose solution; while to a similar tube is added 0-4 cc. of the filtrate. To 
each is added 0-4 cc. of the alkaline copper tartrate solution. The contents 
are mixed by stirring. The narrow tube-like necks of the boiling tubes are 
sealed rapidly in a blow pipe flame, care being taken not to heat the contents 
of the tube. The air space left will be small if the tubes are of the proper 
size. The tubes are immersed in a boiling water bath for six minutes. 

4. Ait the end of this time, the temperature of the bath is lowered to about 
80°. The necks of the tubes are cut off, and 0-4 cc. of the phenol reagent are 
added to each tube; this requires care lest the contents of the tubes be expelled. 
The tubes are allowed to cool. Each is emptied into a tube containing 3-8 cc. 
of water, thus making the volume of the contents of this tube up to 5 ce. 

5. The contents of these tubes are matched in the colorimeter in the 
usual way; and the percentage of glucose present in the blood calculated. 

This method has in our hands given results closely comparable with the 
results given by the method of Folin and Wu. The following table shows the 
results obtained in ten specimens of blood examined (a) by the method of 
Folin and Wu, and (b) by the method above described. 


o/ ¢ 
% of sugar 


SS 
Specimen Folin and Wu Micro-method 


1 0-121 0-123 
2 0-103 0-102 
3 0-093 0-094 
4 0-055 0-054 
D 0-148 0-148 
6 0-125 0-122 
7 0-150 0-151 
8 0-145 0-142 
9 0-127 0-127 
10 0-138 0-139 


It should be noted that these are not all samples of normal blood under the 
usual conditions, since certain of them were taken after prolonged fasting, 
while others were taken after excessive carbohydrate intake. 
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It is claimed for this modification that (1) the amount of blood required 
may readily be obtained from the finger, (2) that this amount of blood is 
accurately known, and that none of it is lost by manipulation, (3) that re- 
oxidation during boiling is reduced to a minimum, (4) that the colour finally 
obtained in the “blood” tube is very similar to that in the “standard,” and 
(5) that the results obtained are practically identical with those given by the 
method of Folin and Wu. 


We have to thank Professor Sir Edward Sharpey Schafer for giving 
facilities for the carrying out of this research; our thanks are also especially 
due to Dr W. W. Taylor, for the advice which he has so readily given. 
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XXI. THE EFFECT OF ACETALDEHYDE AND 
METHYLENE BLUE ON THE FERMENTATION 
OF GLUCOSE AND FRUCTOSE BY YEAST- 
JUICE AND ZYMIN IN PRESENCE OF PHOS- 
PHATE AND ARSENATE. 


By ARTHUR HARDEN anp FRANCIS ROBERT HENLEY. 


From the Biochemical Department, Lister Institute. 
(Received January 18th, 1921.) 


It was previously shown by the authors [Harden and Henley, 1920, where the 
literature is quoted] that, in the fermentation of glucose in presence of phos- 
phate by zymin or yeast-juice, acetaldehyde or methylene blue produced a 
remarkable acceleration in the early stages of the reaction and it was suggested 
that the function of these substances was to act as hydrogen acceptors and 
thus enable the reaction at once to attain a high rate. The experiments have 
now been extended to fructose, with the objects of ascertaining the maximum 
rates attainable with or without added acceptors and of comparing these 
with the corresponding rates yielded by glucose. 


I. COMPARISON OF THE MAXIMUM RATES AND THE COURSE OF THE REACTION 
OBSERVED IN THE PRESENCE OF PHOSPHATE WITH GLUCOSE AND FRUCTOSE 
RESPECTIVELY IN THE PRESENCE AND ABSENCE OF ACETALDEHYDE. 


A. Zymin. To 2 g. of zymin were added 10 cc. of a solution containing | g. 
of the sugar and, when acetaldehyde was used, 3 cc. of 1 % acetaldehyde; 
0-2 ce. toluene was added in each case. This mixture was incubated at 25° 
until a constant rate of fermentation had been attained and varying volumes 
of 0-6 M K,HPO, (previously saturated with CO,) added. Readings were in 
many cases made every two minutes but the rates have usually been calcu- 
lated for five minutes. With the smaller quantities of phosphate repeated 
additions were made when the rate began to slacken. This procedure was 
adopted because, especially in the case of glucose, the rate was depressed 
even by a small excess of phosphate. The final volumes therefore occasionally 
differ slightly, but this has very little effect‘on the maximum rate obtainable. 

In Table I are given the maximum rates obtained with and without 
acetaldehyde, and the volumes of phosphate solution added. 
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Table I. 
With 3 cc. 1 % acetaldehyde Without acetaldehyde 
= 
Max. rate Max. rate 
No. Sugar cc. per 5 min. Additions cc. per 5 min. Additions 
1 Fructose 15 1 of 5 ce. 7-25 1 of 5 ce. 
2 ‘i 14 2a? . 9 202 ,, 
3 ay 14 3 afi. 9-75 Sof 1 ,, 
4 Glucose 9 8a? . 7 las 
5 : TS 2of1,, 55 lofl,, 
6 ng 9 1? ., — — 
7 a 8-25 1 of 2 ,, and — — 
[as = 
8 Cane-sugar 8-75 lof? ,, 7-5 2 of 2 ,, 


B. Yeast-juice. The experiments with yeast-juice were carried out in a 
similar manner to the above, 20 cc. of yeast-juice and 4 cc. of 1 % acetaldehyde 
being used, the total volume being 24-6 cc.; 0-2 ce. of toluene was added in 
each case. The results are embodied in Tables II and III, each of which 
refers to a different sample of yeast-juice. 





Table IT. 
With 4 cc. 1 % acetaldehyde Without acetaldehyde 
= —_ ‘ A ‘ 
Max. rate Max. rate 
No. Sugar ce. per 5 min. Additions ce. per 5 min. Additions 
9 Glucose 16 lof lce. 10-75 3 of lce. 
10 = 18-5 lof 1 ,, and 11-75 2a 3S 
la 2% 
11 ” 21 lof 5,, — = 
12 Fructose 29-6 Let 6. 24-5 bet Ss 
13 ~ 36 1 of 10 ,, 33 1 of 10 ,, 
Table ITI. 
14 Fructose 17-25 lof 5ce. — — 
15 = 18-25 4of 2,, — — 
16 Cane-sugar 8-25 lof 5&,, 5-5 io Ds, 
17 “= 11-25 sa 3. 10 bet 2:5 


Owing to the fact that repeated additions of phosphate were made in 
most of these cases, the course of the reaction was irregular. Fig. 1 however 
shows the characteristic effect exerted by acetaldehyde on the fermentation 
of fructose in presence of phosphate (experiment B 13 above). In this case 
the rates in cc. per 2 min. are plotted against the time, and it is seen that in 
the presence of aldehyde the rate rises much more rapidly, but only to a 
slightly higher maximum. 

It will be seen from the above that the maximum rate obtainable from 
glucose under the optimum conditions of phosphate and aldehyde falls far 
short of that observed with fructose. For the sample of zymin employed 
for experiments A 1-8 the maximum rates in presence of aldehyde were 15 
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for fructose and 9 for glucose, a ratio F/G = 15/9 = 1-67. In the case of the 
yeast-juice used in experiments B 9-13 the ratio F/G = 36/21 = 1-7, almost 
identical with that for zymin. 

It appears to follow from this, since all these rates were determined in 
presence of an excess of acceptor, that the difference in the behaviour of 
fructose and glucose although partly attributable to a difference in the rate 
of production or of reduction of acceptor, cannot be wholly accounted for in 
this way, but must extend to some other stage in the reaction. 


14 acetaldehyde 
13 i 
12 é 


11 7 


cc. CO, per 2 mins. 
— 
as OO a ON GD Sah OR ee eS 
™ 
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7 ee | 
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/ 
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/ 
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Time in mins. 
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Il. RELATIVE EFFICIENCY OF ACETALDEHYDE AND FRUCTOSE AS 
AGENTS OF “INDUCTION.” 


It was suggested in the previous paper [Harden and Henley, 1920] that 
the inductive effect of fructose [Harden and Young, 1909] on a mixture of 
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glucose and phosphate was due to the more ready production of acceptor 
from fructose than from glucose. This might occur in either or both of two 
ways: firstly, by the more rapid production from fructose of a substance 
capable of acting as an acceptor in the preliminary stage of the reaction 
(possibly identical with the precursor of glycerol and possibly a different 
substance from that produced from glucose) or by the more rapid reduction 
of such a preliminary acceptor under the prevailing conditions; secondly by 
the more rapid fermentation of the fructose, yielding as intermediate product 
acetaldehyde (which may be termed the normal acceptor) which would then 
be available to complete the cycle of fermentation of further molecules either 
of fructose or of glucose, even in the presence of a considerable excess of 
phosphate. Under these circumstances it became of interest to ascertain the 
relative efficiencies of fructose and acetaldehyde in this respect. Experiments 
were therefore made with yeast-juice and glucose in presence of excess of 
phosphate by adding varying amounts of acetaldehyde and fructose and 
comparing their effects, with the result that a concentration of 1/42,200 of 
acetaldehyde gave almost exactly the same reaction curve as 1/211 of fructose 
(see Fig. 2), this latter being equivalent to 10 % of the glucose present. In 
other words acetaldehyde is 50 times as effective as fructose, when molecular 


quantities are compared. 


Experiment 18. Six quantities of 25 cc. yeast-juice + 2 g. glucose + 10 ce. 
0-6 M K,HPO, + 0-2 ce. toluene were incubated for ten minutes at 25° and 


then were added: 
10% 10% 1% 
No. glucose fructose acetaldehyde Water 
ce. ce. ; ce. 
0 
0 
0 
0 
0 


9 


bo bo bo bo bo 


6 

The course of the fermentations in the various flasks is shown by the 

curves of Fig. 2, rates in cc. per five minutes being plotted against time. The 

curve for (4) was almost coincident with that for (5), whilst that for. (3) 

was intermediate between those for (4) and (2). It will be seen that the 

addition of 0-1 cc. of acetaldehyde solution (2) produced almost exactly the 
same effect as that of 2:cc. of the fructose solution (6). 


Il]. Errect OF ACETALDEHYDE ON THE FERMENTATION OF GLUCOSE AND 
FRUCTOSE BY YEAST-JUICE AND ZYMIN "N PRESENCE OF ARSENATE AND 
PHOSPHATE. 

It has previously been shown [Harden and Young, 1911] that arsenate 
greatly accelerates the action of the hexosephosphatase of yeast-juice and 
zymin so that the fermentation of glucose and fructose proceeds much more 
rapidly in the presence of a suitable concentration of arsenate than in its 
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absence. Excess of arsenate, however, produces inhibition. It therefore 
became of interest to ascertain whether the arsenate, in addition to its effect 
on the hexosephosphatase, exerted any modifying influence on any other stage 
of the fermentation and in particular whether it in any way affected the 
accelerating action of acetaldehyde, a possibility which has not previously 
been considered. 


a] 
§ 
4 
© 
2, 
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Time in mins. 
Fig. 2. 
C. Yeast-juice. 


Experiment 19. Six flasks were made up as follows: 
1% 
No. Yeast-juice Sugar Toluene Water acetaldehyde 0-3MNa,HAsO, 0-6 MU K,HPO, 
ce. ce. ce. cc. cc. 
15 
10 
14 


2 g. fructose 


2eoeee 
bo BO bo bo bo bo 
aocacocnace 
Or Or Or Or Or Or 


9 
10 
5 
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The sodium arsenate and potassium phosphate were added to the mixture 
after it had been incubated for 30 mins. at 25°. The course of the fermentation 
in the different flasks is shown by the curves of Fig. 3. 

A similar experiment was carried out with glucose, a different sample of 
yeast-juice being employed, which was capable of producing fermentation in 
presence of an exceptionally high concentration of phosphate. 
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Fig. 3. 
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Experiment 20. Six flasks were made up, each containing 20 cc. yeast- 
juice + 2 g. glucose + 0-2 cc. toluene together with: 


No. Water 1 % acetaldehyde 0-3 MNa,HAsO, 0-6 M K,HPO, 


cc, cc. 
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5 
0 
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0 
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The sodium arsenate and potassium phosphate were added to the mixture 
after it had been incubated for 30 mins. at 25°. 

The course of the fermentation was very similar to that observed in 
experiment 19 with fructose, as is indicated by the following observations: 


Time (min.) re- 
Maximum rate quired to 
No. Arsenate Acetaldehyde cc. per 5 min. attain max. 
ce. cc. 
18 60 
33-6 10 
16-8 85 
35-9 10 
(7-1) 90 


22-7 10 


Fal 
= 


acacna 


The small increase of rate in 10 as compared with 8 is probably due to 
the fact that in 8 the optimum concentration of phosphate was not present, 
whereas in 10, owing to the action of the arsenate, optimum conditions were 
maintained. 

Two interesting points emerge from these experiments: 

1. In presence’ of excess of phosphate, arsenate does not remove the 
inhibition, but somewhat increases it (Curves 1, 3, 5, Fig. 3 and experiment 20, 
Nos. 7, 9, 11). 


2. The presence of arsenate does not affect the accelerating action of 
acetaldehyde in presence of phosphate (Curves 3, 4, 5 and 6, Fig. 3 and 
experiment 20, Nos. 8, 10). 


D. Zymin. 
Experiment 21. Twelve flasks were made up each containing 2 g. zymin 
with the following additions; 0-2 cc. of toluene was added in each case: 


Added subsequently 
A 





1% : 

No. Sugar Water acetaldehyde 0-6 M K,HPO, 0-3 M Na,HAsO, Water 
ce. ce. ee. ce. ce. 
0 
0 

0-1 


1 g. glucose 9-4 
6-4 
9-4 
6-4 
9-4 
6-4 
9-4 
6-4 
9-4 
6-4 
9-4 
6-4 


bo bo bo bo 


i en) 


2 W& bo bo 


wn 
° 


bo bo = —& bo bo 


Sowowowowownso 
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The course of the reaction is indicated by the following observations: 


Time (min.) re- 
Maximum rate quired to 
No. Sugar Arsenate Acetaldehyde cc. per5min. attain maximum 
ce. ec. 
1 Glucose 0 5-9 40 
2 ¥ 0 i 6-2 10 
3 in 6-8 (average) 45 
4 a 10 
5 69, 45 
6 cs 0-2 é 9-9 10 
7 Fructose 0 9-8 35 
8 0 3 12-1 10 
9 0-1 0 10-1 (average) 
10 0-1 3 mi 10 
il 0-2 0 ee 40 
12 0-2 3 144 ,, 10 


9 


” 


In its main features the zymin behaves in a similar manner to yeast-juice. 
Owing to the small concentration of arsenate employed, the inhibiting effect 
of the arsenate, which was marked in the case of yeast-juice, is here barely 


perceptible. 
Another point of difference is that the maximum rate, especially with 
glucose, in presence of arsenate is considerably greater than in its absence, 


the two rates in question being 6-2 and 9-9 or a ratio of 1-6, whereas with 
yeast-juice and glucose the ratio is 33-6/35-9 = 1-07. The difference is much 
less with fructose, the corresponding ratios being 1-2 for zymin and 1-0 for 
yeast-juice. In order to ascertain whether a reai difference of this kind exists 
between yeast-juice and zymin, experiments were made in which the maximum 
rate in presence of the optimum concentration of phosphate in presence of 
acetaldehyde was determined, and arsenate was then added to the same 
mixture. With glucose this produced, asin the previous experiment, a marked 
rise of rate, whereas with fructose only a small and insignificant rise was 
observed. This shows that the arsenate exerts a definite accelerating effect 
on the fermentation of glucose by zymin apart from its action on the hexose- 
phosphatase. The exact significance of the phenomenon has not yet been 
ascertained. 

Experiment 22. 2 g.zymin + 1 g. of the sugar (glucose or fructose) + 3 ce. 
1 % acetaldehyde + 6-44 water + 0-2 cc. toluene were incubated at 25° until 
the rate was constant. Successive small additions of phosphate were made, 
as in experiments 1-8, until the maximum rate obtainable had been observed. 
0-2 cc. of 0-3 M Na,HAsO, was then added and the average rate attained 
was noted. 

Maximum (ec. per 5 min.) 
_———— oe 


In absence In presence 
Sugar of arsenate of arsenate 


Glucose 6-0 8-5 
Fructose 13-0 13-5 
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IV. E¥FrFrect OF METHYLENE BLUE. 


It was shown in the previous communication [Harden and Henley, 1920] 
that methylene blue behaved in a similar manner to acetaldehyde with respect 
to the fermentation of glucose by zymin in presence of phosphate. These 
experiments have now been extended to the fermentation of both glucose 
and fructose in the presence of phosphate, with the result that the methylene 
blue has been found to behave in a similar manner in all these cases. 

The experiments were carried out exactly as in the case of acetaldehyde, 
but the methylene blue was added in the solid form. No attempt was made 
to ascertain the optimum conditions, so that the rates observed are not 


necessarily the maximum obtainable. 


ai 
§ 
4 
10 
2, 
S 
5 
g 


5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 
Time in mins. 
Fig. 4. 

E. Zymin and glucose and fructose. 

Experiment 23. Four flasks were made up containing each 2 g. zymin + 1 g. 
of sugar + 9-4 cc. water + 0-2 cc. toluene. Nos. 1 and 2 contained glucose, 
Nos. 3 and 4 fructose. 0-1 g. methylene blue was added to Nos. 2and 4. These 
were incubated for 35 mins. at 25° and 2 cc. 0-6 M K,HPO, were then added 
to each. The course of the reaction is seen from the curves (Fig. 4). 
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F. Yeast-juice and glucose and fructose. 


Experiment 24. Four flasks were made up containing 


1. 25 cc. yeast-juice +2 g. glucose +0-2 cc. toluene 
” ” > ” + » +0-2 g. methylene blue 
0» » +2 g. fructose + ss 


+ 
e ” 2 ' ” = ” + 2” 2? 


These were incubated for 15 mins. at 25° and 15 cc. 0-6 M K,HPO, were 
then added. The course of the reaction is shown in the accompanying curves 


(Fig. 5). 
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Fig. 5. 
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In every case the addition of the methylene blue caused a marked accelera- 
tion in the rate of attainment of the maximum. The concentration of the 
phosphate was so high as greatly to inhibit the fermentation of the glucose 
in absence of methylene blue (curve 1). 


SUMMARY. 


1. Acetaldehyde diminishes the time required by a mixture of fructose 
and phosphate to attain its maximum rate of fermentation in presence of 
yeast-juice or zymin, but does not substantially increase the maximum rate 
obtainable. 

2. In presence of acetaldehyde fructose is more rapidly fermented than 
glucose in presence of phosphate both by yeast-juice and zymin. 

3. Acetaldehyde is about 50 times as effective as fructose (when molecular 
quantities are compared) in “inducing” fermentation in a mixture of glucose 
with excess of phosphate. 

4. Arsenate does not affect the accelerating action of acetaldehyde in 
presence of phosphate in the fermentation of glucose and fructose by yeast- 
juice but considerably increases the rate attained with glucose, and to a less 
degree that attained with fructose, when zymin is used. 

5. Methylene blue produces an effect similar to that of acetaldehyde in 
the fermentation of both fructose and glucose by zymin and yeast-juice in 
presence of phosphate. 
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